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EXFERIME~TS IN FEEDING FOR BEEF. 
BY C. E. THORNE AND J. FREMONT HICKMAN. 
FIRST TEST. 
In June, 1893, 32 three-year-old steers were purchased of farmers 
in the neighborhood of the Station. They were grades of mixed 
breeding, Shorthorn blood predominating, but there were several which 
ahowed an admixture of Holstein, Hereford and Jersey blood. 
The steers were grazed on the Station farm during the summer and 
fall, and in January they were divided into nine lots, seven of four steers 
each and two of two steers each, the breeding and weight of the steers 
composing thP different lots being shown in Table I, the attempt being 
made to make the seven larger lots as uniform as possible in the quality 
of the cattle composing them. 
TABLE I.-BREEDING AND INITIAL W.~<~IGHTS. 
I , 
Breeding. Initial 
weights. Lot. [ No.) 
____ ! ____ ! ____________________________________________ , ____ __ 
A 
B 
Pounds. I I 
! 1 II Grade Holstein....................................... ........ ..... ...... .. ... 1,106 
2 " ,, .................................................................. 1,055 
3 I '' Shorthorn.................... .... .. ......... ..... .. ................ ... 982 
4 I ·· " ............................................................. __ 9_32 
\ Average .................... ...... ........................... ............ ... 1,019 
5 Grade Holstein .............................................................. .. 
6 " " 
7 '· Shorthorn ................................ ............................ . 
8 " " 
1,072 
1,069 
949 
'830 
Average.................................................................... 980 
8 
Lot. 
c 
D 
E 
F 
G 
H 
I 
No. 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
*19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
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TABLE !-Concluded. 
Breeding. 
Grade Hereford .•••. ; ......................................................... .. 
'' Holstein ........................ ; ................................•....... 
'' Shorthorn ...... ···~····· ••••••••.•······················ .............. . 
'' Jersey ................................................................. . 
lnitial 
weight&. 
Pounds. 
1,061 
1,075 
885 
904 
Average .. . ........... ... .. . • •. .. • . .. .•• ... ... ......... ••• ••••••• ..... ...... 981 
Grade Shorthorn ............................................................. .. 
" " 
" " 
" 
991 
1,082 
910 
881 
Average .. • .... • ••• ...... ••. .. . ... ...... ... • ...... .. .. . .. ......... ..... .. • 966 
Grade Shorthorn .................................................. :· .......... .. 
" " 
" " 
" Jersey .................................................................. .. 
1,004 
915 
946 
890 
Average .. . .. • .. .. .. ..... •• ..... .... ... .... . ••• ... .. .. • .... ..... ........ 939 
Grade Shorthorn ............................................................. .. 
,, " 0 
" 
" " 
1,137 
952 
85:! 
898 
Average .................................................. , ........ . .• . • .. • 960 
Grade Shorthorn .............................................................. . 
" ,, 
" " 
" " 
1,099 
1,032 
960 
889 
Average ........................................ , ......... ...... ...... ...... 995 
Grade Shorthorn ... ~ ................................................. _ .... . 
" -" 
931 
832 
Average ........... ....................................................... 881 
Grade Shorthorn ............................................................ .. 
" " ·····•••••'••··················································· 
Average .................................................................. . 
Average of H and I. .................. , ....................... , ................ ] 
Average of all ..................................................... : ....... ·; .... j 
776 
830 
803 
842 
960 
• Bteer.No:19 met witn an aooidtlllt during the test,.maklng it necessary to withdraw hbli'from 
ihe expdriment. · · 
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The " initial weight" as given in the above table is the average of 
three weighings, made on the 9th, lOth and 11th of January, and all live 
weights subsequently quoted, except the final weights in the stock yards, 
are likewise the average of three weighings. 
To each of the three lots was apportioned a ration, coir-::;os,-d al!l 
follows: 
Lot A.-·wheat bran, corn meal, gluten meal, clover hay. 
Lot B.-Wheat bran, corn meal, gluten meal, clover hay, corn silage. 
Loi C.-Wheat bran, corn meal, oil meal, clover hay. 
Lot D.-Wheat bran, corn me&l, oil meal, clover hay, corn silage. 
Lot E.-\Vheat bran, wheat meal, gluten me~tl, clover hay, corn silage. 
Lot F.-Wheat bran, wheat meal, oil meal, clover hay, corn silage. 
Lot G.-Wheat bran, corn meal, clover hay, corn silage. 
Lot H.-Wheat bran, corn meal, ti"mothy hay, corn silage, fed in barn. 
Lot I.-·wheat bran, corn meal, timothy hay, corn silage, fed in shed. 
To lots A, B, C and D-16 steers in aJ1-wasgiven a basal ration con-
aisting of equal weights of corn meal and wheat bran, with as much 
clover hay as they would eat; a ration of bay, containing a few pounds 
more than they wo-uld eat, being weighed out to them morning and 
evening, and the mangers cleaned out and the residue weighed next 
morning. 
Lots E and F, eight steers, received wheat meal in equal weights 
with bran, instead of corn meal, with the same ration of clover hay. 
In addition to this bas11l ration, all the cattle, except lots A and C, 
received corn silage, fed at the rate of 20 to 34 pounds per day, a'ccording 
to the appetite of the animal, some of the steers consuming the larger 
quantity regularly, while others always left more or less uneaten. 
To three lots, A, B and E. gluten meal was fed, and old process lin-
seed oil meal to lots C, D and F, beginning i.n each case with one pound per 
steer per day a.nd ine:roasing gradually until the gluten or oil meal con-
stituted one-fourth of the entire grain ration. 
Lots G, Hand I receiYed corn meal and bran alone, without either 
gluten or oil meal, but with hay and silage as fed to the other lots; the 
hay being timothy instead of clover for the two small lots, H and I, and 
the corn meal constituting 64 per cent. of the meal ration. As our barn 
held but 30 catile, four of the smaller ones were divided into two small 
lotH, H and I, lot H being fed in the barn and lot I in an open shed in 
the barnyard. 
After the cattle had eaten their morning feed they were weighed, the 
weighing beginning at ten o'clock; they were then allowed to drink from 
a tub standing on scales in tho barn, the amount of water drunk being 
determined, after which, in fair weather, when the thermometer was n~t 
~; H 1 
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below 20°, they were turned into an open barnyard until afternoon, when 
they were stabled again, earlier or later, according to the weather. 
While in this b:unyard the cattle had access to a stack of wheat straw 
and some straw was eaten. The quantity, however, was very small, as 
they were given all the grain aud hay they could be induced to eat, and 
no attempt has been made to account for the straw in the following calcu-
lations. 
The experiment would have been more satisfactory, from the scientific 
standpoint, had the consumption of straw been determined; but on the 
ordinary Ohio farm straw is valued only as bedding and as an absorbent 
of manure, and thuefore the practical feeder takes no account of it as a 
part of his rations. For his purpose, therefore, the determination of the 
amount of straw consumed would have added nothing to the value of the 
experiment, since all the cattle were given all the meals, silage and hay 
they could be induced to eat. 
We did not attempt to feed the wheat unground, because we believed 
that if fed in that condition much of it would pass through undigested. 
This might have been partly cbviated by soaking, but soaking is hardly 
practicable in winter weather. We have for years followed the practice of 
feeding corn meal and wheat bran in equal weight, in the belief that both 
the physical condition and nutritive effect of both foods is improved by 
the mixture, and we believed that a similar result would follow the mix-
ing of ground wheat with its weight in bran; we therefore decided to 
make bran the basis of all the meal rations, adding to it corn meal, wheat 
meal, etc., according to the object in view. 
It is possible that we might have fed the wheat meal more success-
fully by sprinkling it on moist., cut bay and silage; but under this method 
of feeding we could not have determined the exact amount eaten, which 
was a necesmry part of the experiment. 
The mealf'. especially the gluten and oil mealf!, were fed in small 
quantity at first, the ration heing gradually increased until the cattle 
showed signs of surfeit, when it would be reduced until they were eating 
freely again. During the h:Lter ~1alf of the test the cattle receiving mix-
tures containing corn meal and bran as the basis consumed 15 to 1S 
pounds of meal per steer per day. In the case of the wheat meal mix-
tures greater difficulty in feeding was experienced, and the ration was not-
raised above 12 pounds per head per day. 
COST OF INCREASE. 
The experiment was begun January 11 and continued without change 
of plan for 120 days. The average results for this period are summarized 
in Table II, which gives for each steer the total feed consumed, both in 
ordinary and chemically dry condition, the initial weight and the total 
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gain, and the average quantity of dry substance consumed and the cost of 
the same, to produce a pound of increase in live weight. 
By dry substance is meant the absolutely dry material, after all the 
water has been driven oft" at a temperature of 212° Fahrenheit. This dry 
substance is made the ba:ois of comparison because repeated experiment& 
have demons',rated that the water contained in such watery foods as 
silage, tor instance, has no more nutritive value than water drawn from a 
spring or well. Such water ma,y add to the palatability of a food, but it 
does not add to its nutritive effect. 
TABLE II.-FEF;n CoNSUMED AND ToTAL GArN, 1894. 
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TABLE !I.-Concluded. 
j Weight Feed consumed. Dry substance l at consumed. 
;'Lot. No.· begin-
Meals., 
Per 
ningof Hay. Silage. Total. pound test. 
of ~ain. 
··------,-Ponnrls Founds. Pounds. Pounds. Pounda. Pounds. 
12\ I 1,137 1,378 I 344 4,018 2,510 11.05 
F ~ 952 1,881 348 4,017 2,516 9.05 
·· • 1 :t:l 852 1,328 644 2,8.57 2,456 9.00 
, 24 S98 1,348 686 2,898 2,522 10 29 ~ve!~e- -960 1,358 ----------505 3,447 2,501 9.78 
l I 
2S 1 1,099 I I 1,641 527 3 595 2,795 9.88 
.0. ~ 1,002 1,626 296 3,2041 2,479 12 21 960 1,626 219 2,857 2,320 10.04 
889 1,619 267 2,932 2,377 11.37 
-----------
,A.v~r 99a ] ,628 327 3,397 2,493 10.78 
!2sj 9'H 1,fl42 I 3131 1.121 1 2,142 10.65 
H 11 30 · 832 1,63, I ,, •. ,, 2,363 8 32 
"13! I 776 J ,638 194 2,904 2,321 8.35 32 1 sao 1,638 365 2,713 2,434 11.27 
--1--
-----------
.Aver ge .; 842 1,639 I 317 2,416 2,315 9.46 
-------
i I 
Total 
gain. 
--
Pnds. 
227 
278 
273 
245 
--
255 
283 
203 
231) 
209 
231 
201 
2>\4 
:278 
216 
---
24.S 
Cost of feed. 
Total. 
---
$ ........ 
19.06 
20.11 
19.32 
19.71 
·--
19.80 
19.73 
18.20 
17.50 
17.68 
Per 
pound 
of ~rain 
Cents. 
8.4 0 
3 
8 
7.2 
7.0 
8.05 
---
7.7 4 
6.97 
8.9 
7.5 
8.4 
6 
9 
6 
---
18 27 
16.54. 
17.5-.CJ 
17 5t 
17.97 
l7.40 1-
7.9 
8.2 
61 
6.3 
8.3 
0 
3 
9 
0 
2 
7.11 
I 
960 1,5831 5991 2,2851 2,500 1 10.331 2421 
----~----~----------~-
18.94 1 
I 
7.82 
·---
SECOND TEST, 
After the sale of the 32 steers used in the test just described a second lot 
-t.~f 16 steers, of similar age and breeding, was purchased and grazed through 
the summer and fall. Like the previous lot, these steers were prepared 
by preliminary feeding in the fall, and on January 11 were put under 
~stematic experiment, being divided for this purpose into five lots as 
ghown in Table III: 
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TABLE IlL-BREEDING AND INITIAL WEIGHTS. 
I Lot. 'No. Breeding. Initial 
weight. 
A 
B 
c 
1 I Grade Shorthorn ......................................................... . 
2 " " .......................................................... .. 
3 f:horthorn Jersey ....................... , ..................................... . 
4 Grade Holstein ............................................................ .. 
1,100 
1,047 
882 
986 
Average ...... .... .. ......... ...... ... ...... ... ...... ..... .... . ..... ......... 1,003 
5 Grade Shorthorn ........................................................... .. 
6 Shorthort'! Jersey .......................................................... .. 
7 Gr"de Shorthorn ............................................................ .. 
8 Shonhorn Devon ........................... , ............................... .. 
1,060 
1,046 
1,016 
914 
Average..................................................................... 1,009 
91 Grade Shorthorn .............................................................. 1 
10 " " .......................................................... . 
11 
1 
Shorthoro Jer.•ey .......................................................... .. 
12 Grade Shorthorn ........................................................... .. 
1,022 
1,014 
871 
911 
------
1 Average .................................................................... 1 954 
~ j' 131 Grade Shorthorn ............................................................. I 1,188 14!, .. " ............................................................. 
1 
889 
I ------
1 Average .................................................................... ! 1,029 
--E- ~-~-~ath·e=.~ .................................................................. l 968 
16 Graue Slwrthorn ......................................... : ................. \ ~-1-
1 Average ................................................................... i 949 
I 
A verr:ge of D. tmd E ...................................................... 1 
A '\'erage of "-ll. ............................................................... 1 
I 
994 
990 
------·--------
As in the previous test, the weights given in this experiment are the 
a.verag8s of three weighings, made on consecutive days. 
The following rations were apportbned to these lots: 
Loi •\.-'Wheat bra"!, whPat meal, gl11ten meal, hc,y and silage. 
Lot B.-Wheat bl'an, wh·~at meal, gluten meal, hay an:l stover. 
Lot C.-Wheat bran, corn me<tl, gluten meal, hay an:l silage. 
Lot D.-'Vheat bran, corn meal, hay and silage, fed in barn. 
Lot E.- Wheat bran, corn meal, hay and silage, fed in shed. 
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The main objective points in this test were a repetition of the com-
pariEOn between wheat meal and corn meal and a comparison between 
corn silage and the ordinary field-cured corn fodder of Ohio (called 
"stover" in the East.) 
The cattle were handled as in the previous experiment, except that 
the meal ration wa'l kept at a lower point, so that there were very few 
cases of surftcit d nring the test, and these occurred after the animals had 
been feeding for a week or more upon an· unchanged ration. 
Table IV gives for this test the data given in Table II for the pre-
viou:; test; these d'tta covering the period of 110 dtt.ys from January 11 to 
April 30, inclusive: 
TABLE IV.·-FEED CoNSUMED AND ToTAL GAIN, 1895. 
I 
Lot. I No. 
I
I I Feed consumc<l. I Dry substance 
I consu mt~d. I !~J~~~~~ 1---T-------i :-sJ,age-1 l'€r Total gain. 
Co~t of 
feed per 
pound 
of gain. i i i\fe;tls. 1 Hay. 1 or . 1 Total. ponnd 
: ! : \stover.* I of gaiu. 
----- i -;,~1<';:. :-~au";' : -,,~:nrlx~ I ~ou~~l-2~ I f'uunrh. Puunds -, Pound~~-Cent,q, 
1 1,10o1 I 1,21-ll ' 2,.~1·0 II 2,471 ~~ 13 14 188 1 9.62 
2 1JH71 l;.::·n 2€>70, 2,;140 12.00 1\15 1 9.oo 
1l S''' I 1,114 2.54il i J,8t7
1 
Hml 1s2 1 7.93 
4 --~2! l,Jo'> --~,51~~~__:187 -~1.~~ _Is::;_[ __ 9.22 
Anr.>;•e ....... ! 1,00:) ' J,21t) 2J<5Cl I 2,2l'•i! 11.781 187 I 8.95 
I ~ I -----~-.------ .---·-~--- 1-- --r---~-- ; ~ ---
7 LOlri 
})14 
~---·-' -·----·-· 
·51!,, i 2,S:C~ i 12 ~-) I 20il j' 8.16 
!Hld 376'' 1 2,41!) I 1 i3 50 1 1 ~~ 11.14 
91H I ;)lk' ! :2,::\> 4 ' H4l I Hi4 I 9.72 
nu;· i 31U"' 1 ::.,2m I 1 :2.f.lii 1 !Y6 ! 8.60 
A verag,::~ ....... ! 1 ,Ou9 
i 
---...... -----~-------~---·-,---.. -~-----[lei:~ : '>9-±>' 2,101 1~ 13.64 1 176 i s.9s 
I I 
8 l,(L~2 :~,:o8l 2,32!{ l(l.(;: .. ,----~1~~-~ 
10! 1,\·l-i :U)7i) ~ . .)!}() ')]f," ')\.)-_l I 626 
11 . s·;i •; CJ'R 1:1"5 12:~;, I 14~ I 9:02 c ~~~! _ __:~il 2;(1:;c _ 2,(1\)~ ,~:~1- 21~.~---~~ Avera~e ....... ; 901 2,2;)0 ,· 2,:20b I \J.\lO 1 2231 7.01 
- : : I J , 
I 1:o ! l,JR'l - ~.-::~~~- i ~-~~;~i --~~~~- ~--2,7:>3 i 12 w 1~ 22·1 ~-- s.oo D&E I 14 I Hc<:l l ::\JI i 7 ~~ ::',ti,:> I 2,401 I !:1 (i8 24K I 6 68 1 If> 1 \lt;s l :_:,;5 1 ~~'A I 2, HU j 2,41:-::l I lu 10 2;-)H I 6 63 1.~,~----:~ __ 
1 
.... ~·2''~_; __ 'i~:-l-~~-~~ ~:~~~_12 4?-,~~- ____ 8 o6 
Averag"······ g;)J . 1,~0(; II 871 1 2,.'ia5 1 2,5'·3 I 11.071 2:261 7.40 
I i ! l 
Av'geof all. .. ~--9~9~-~~;l~r--;70 1-;483 r 2,335 -~-11.9;~~~ 8.10 
* :>tover. 
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t'lle cost of fold, as given in Tables II and IV, is b:1sed upon the 
market price of the feeding stuffs at the Station at the time the first ex-
periment was made, with refpect to tbe m~:als and hay, and upon an esti-
mated relative value oi $2.50 per ton for corn silage. Following ar., the 
prices: 
Corn meal ....................................................................... $:16 00 per ton. 
Wheat meal ......... ..... ............ ...... ......... ...... ...... ....... ........ 20.00 " 
Gluten meal ...................... ········~........................................ 18.00 " 
Oil meal ....................... ...... . ............................... ........... 26 90 " 
Wheat bran ............................................... ......... ................. 16.00 " 
Clover hay ............ ............ ................. ...... ....... ........ ..... ... 8 00 " 
Uorn silage ......... ..• ... .. .... ...... ..... ...... ...... ......... ...... ...... ... .. 2.50 " 
These values of c0rn meal and wheat meal correspond to a fraction 
over 39 cents per bushel for cilrn and to about 52i cente per bushel for 
wheat, one-eighth being allowed for grinding. 
Tables II and IV show a wide range of productiveness in the differ-
ent steerf', the variations due to individuality being so great that conclu-
sions must be drawn with caution, even when lots of ten or twelve ani-
mals are compared. It must therefore be und<:r~tood thattheconclusions 
which follow are tentative only, and are subject to revbion or reversal 
when our knowledge shall be ir:.creased by more extended investigation. 
The results of this comparison are ~ummarized in Table V: 
TABLE v.-Co:r-rrAmsoN oF CoRN AND ·wHEAT MEALs. 
-------;=--=· === ~ - I I : 
II t'L, Nn.ofcat-'j ~ o.s cnnl-\ ear Test food. 1 artd. 1 tle com-l P_ ' pared. I 
I I I I ---~--------~--1 ~--: 
1894 J Corn meal ........ 1 B. D. 1 8 I 
I Wheat meal.. .... l E. F. I 7 
189) I Corn mt!il.. ...... I C. 4 
j Wheatmeal ..... j A. I 4 
I . . ~-~-==== 
1 Dry mb- 1 
Daily. gain I si n.ncc- •. ou-~1 CoE.t of feed 
t I Slll\«,d pt:r per round per" ~er. 
1 
, . f · . poun~t ol o. gain. 
, .g. tn. . 
UJ8 
2.02 
170 
l·ound.<. 
10.31 
10.02 
9.90 
1178 
Cents. 
7.75 
7.01 
s 95 
These result:o, as will be seen, are contradictory, the wheat meal 
showing the better nsult in 1891, and the corn meal in 1895. 
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OIL MEAL VS. GLUTEN MEAL. 
Table VI shows the results of the compari~on of oil meal and glu~ 
ten meal, the oil meal being the ordinary, old process meal and the glu-
ten meal being the product of the American Glucose Company, of 
Buffalo, N.Y. and Peoria, Ills., the two meals containing the following 
proportions of dry substance and protein as determined in our labora-
tory: 
Dry substance. 
Oil meal...................................... ••. . .. .. . ... • • ... • .. .. .. .• • .. 90 25 
Gluten meal, 1894 ................ ..................................... 9L94 
Oluten meal, 1895 ........ ....... ........ .............................. ~1.81 
TABLE VI.-CoMPARISoN oF OrL MEAL AND GLuTEN MEAL. 
Lots Number D:<ily 
Dry sub-
stance 
Protein. 
37.81 
27.71 
22.81 
Cost of 
of cat- food per Year. Test food. com- gain per consumed tle com- pound of pared. steer. per pound pared. 
of gai-n. gain. 
----
rounds. Pounds. Cent3. 
1894 Oil meal. .............................. C. D. F. 12 196 10.78 8.52 
Glnten meal.. ....................... A. B. E. 11 211 10.05 7.31 
Mixed meals with Gluten meal. R. 4 2.15 10.31 7.42 
" " without 
,, ,, G. H. I. 8 1.98 10.10 7.49 
1895 " 
,, 
wi•h " " c. 4 2.02 9.90 7.01 
" " 
without " " D. E. 4 2.05 11.07 7.40 
The test of 18!)4 seemed to show clearly that, at the relative cost of 
the two feeding stuffs ($26.00 per ton for 0il meal and $18.00 per ton for 
gluten meal), the gluten meal was much the cheaper food, and therefore 
the oil meal was not used again in 18!)5 In both tests, howew,r, a ration 
of corn meal, bran and gluten meal was compared with a similar ration 
containir;g no gluten meal, the reEults being again in favor of the gluten 
meal. 
CORN SILAGE AS PAHT OF A RATION. 
In 1894, lots A and C received no silage, while lots B and D had the 
same meal and bay rations with silage in addition. The results are 
• given in Table VII, together with the comparison in 1895 of silage with 
stover: 
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TABLE Vll.-CORI'i .SILAGE AS PART OF A RATION. 
Year. I I Number . Dry sub. Cost of Lots of oat- J?aily stance food per p~~~d. tie co;- g~~~e~.er ~~~~o~:~ pou~d of 
I pare . I of gain. gam. 
-----------------------1~-----
Test food. 
The silage in 1894 contained about eight per cent. of grain, as shown 
by frequent determinations, the qua.1tity being considerably larger near 
the top of the silo. Up to February 20 the average was 17 per cent., 
after that date, 5 per cent. In 1894 tha proportion of grain did not 
exceed one-half of one per cent., and ran quite uniformly near this 
quantity In 1894 the grain contained in the silage was a material addi-
tion to the ration, amounting tv an average of a pound and a half per 
steer per day; but in 1895 the quantity was less than an ounce and a half 
per steer per day-probably not more than was found in the stover fed 
in comparison. 
CO!tN SILAGE YS. CORN STOVER. 
Our silage corn, planted late and on thin land, had failed to ear be-
cause of the drouth, so that it seemed practica.ble to make a direct compari-
son between corn fodder cured as silage and corn fodder field cured in the 
ordinary way. The fall was favorable for fleld CUI:!ng, and the stover was 
put into the barn, after huskicg, in unusually good condition. It was 
cut b JforeTfeeding, and was fed to the cattle at the rate of eight pounds per 
steer per day, while the sihge was fed at the rate of 2,1 pounds per head 
per day; these quantitit-s b3ng ad0pted on the supposition ~hat the 
dried fodder would contain about 75 per cent. dry substan.ee iJ,nd the 
silage about 2'5 per cent., tfius m{lking the two rations uniform in quan-
tity of dry substa.nc~ ~~ntairred. It turned out,jhowevtr, that the stover 
contained more dry s\).ostan.ce and the silage less than was anticipated, 
the former averaging 93 pe-r cent. and the latter only 20 per cent. of dry 
substance. ' 
In computing t.he relativ-e._ cost qf the rations contain}_ng slover and 
silage the<'st'over is valued at $3.00 per ton, which is ab~ut its market 
value here, while the sHage is valued at $2.5D, as in the previous teat, 
though this is a hi~h val.ua.tion for silage containing no grain. At these 
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valuations, the cost of the increase made on the two rations was the same 
(see Table VII), but the silage-fed cattle made their gain on considerably 
less dry sub.stance than those fed on stover, and, more than this, the 
silage·fed cattle consumed a much larger proportion of the silage than 
the stover-fed lot did of their ration. Up to April 30, 3,504 pounds of 
stover, or more than half the quantity ied, was left in the mangers. 
During the Eame period 28,7!J± pounds of silage were given to the other 12 
steers, only 3UO pounds of which were refused, or about one and one-third 
per cent. 
But in previous experiments cows, when fed a large ration of silage 
(40 pounds per day) rejected a very considerable portion/ while it is 
probctble that if these steers had not had phmty of good hay to Jall back 
upon they would hwe consumed a larger proportion of the stover. 
Tbe experiment indic,;,tcs, therefore, that our silage was more pala-
table to the cattle thun the stover, though that was of better than average 
quality; while the cattle fed on stover consumed more dry substance in 
producing a pound of increase than these fed on silage. 
Numerous experiments in th'~ comparative feeding of corn silage and 
field-cured corn fodder (that i~, stalks and ears) have been made by other 
Stations. Following is a brief summ.ary of their rei'ults: 
In 1883 the New .Jersey S:.ation found that the dig~stible portions of 
the silage and field-cured fodder were of equal value for milk production, 
but more dig~stib1e food was secured per acre, and that at less cust of 
harvesting and prt:serving, in the case of tldd-curcd corn than in that of 
silage.' 
At the Massachusetts Station the results of five years' experiments 
led to the conclusion that 1oddu corn, corn stover and corn silage, when 
fed pound for pound of dry matter, in place of English hay, compared 
well, as far 2s the quality and <ruantity of the mijk and of the cream 
obtaiEed were concermd." 
The Iowa Station made an experiment in 188U, from which the fol-
lowing conclusions were drawn: 
"In this instance it did not pay to put any corn fodder in the silos. The weather 
was so dry that the corn fodder was not injured in tha field; it cost so much less than 
the silage when prepared for feeding, there wa;; so much JeHs waste by spoiling, the fodder 
was relished so much better by all kinds of stock, and produced so much better results 
in fattening and in milk, that there was no room for choice between it and the ensilage 
in our silos. When fed in mulerate quantities with other coarse fodder, our ensilage was 
well relished, being cleaned up as well as other coarse fodders, or better.'" 
1 See Bulletin of this Stat-ion for June, 1889, p. 91. 
• N.J. Exp. Sta., Ann. Rpt. 1883, pp. 127-IH. 
• Ma•s.State Exp. Sta., Sixth Ann. Rpt., p. 19. 
'Iowa Exp. Sta., Bulletin for August, 1889. 
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The Pennsylvania Station compared the digestibility of silage and 
field-cured corn fodder, and found the field-cured corn fodder more digest-
ible by steers than the silage.5 
The Maine Station found silage noi superior to fodder in digestibility 
when fed to sheep.6 
In an experiment made by the Michigan Station, "silage, though 
nearly a quarter had spoiled, lasted longer, gave more ilesh, and cost less 
in preparation than the corn fodder.m 
At the Missouri Station dry fodder for cows proved more effective 
than silage.8 
At the Illinois Station, heifers fed on dry fodder made practically 
the same gain per pound of dry substance consumed as when fed on 
silage.• 
At the Wisconsin Station several experiments have been made, which 
are ;-ummarized as follows in the Seventh Annual Report of the Station 
for 18\JO: 
"Corn ~ilage with us has proved sometimes superior to dry fodd~r corn in nutritive 
value, sometimes inferior. Considering all triah; conducted at this Station, the conclu-
sion will be that properly cured corn fodder corn and corn silage of similar variety and 
maturity are of <cqu~tl value for milk and butter production."10 
At the Utah Station the results obtaimd from silage fed to steers and 
sheep were inferior to those obtained from dry fodder curn.11 
At the Vermont Station, cows gave about nine per cent. more milk 
while fed on silage, but the milk was of bettt-r quality when the cows 
were fed on dry corn fodder; but in a subsequent test the silage showed 
better result,;." 
The logical conclusion of all this work is that the process of ensilage 
adds nothing to the nutritive value of a feeding stuff. It does add to its 
palatability, however, when the method has been properly employed, and 
in eonsequr~nce, a larger proportion of the fodder will be consumed. In 
regard to the cost of thi, method, we do not consider it any greater than 
that of the ordinary method of cutting and hu1:<king and stacking the 
stover, and not so great as cutting, husking and stacking and grinding 
the grain, and cer ainly all this mu3t be done if the food materials are to 
be aE thoroughly prt:served and made as corr.pletely available as they are 
in well cured silage. 
• Penna. Exp. Sta., Ann. Rpt. for 1889, pp. 123-133. 
• Maine Exp~'Sta., Ann. Rpt. for 1889, pp. 49--57. 
1 Micb. Exp. Sta, Bulletin 47, April, 1889. 
o Miss·•uri Exp. Sta., Bulletin No.8, 1889. 
•nL Exp. Sta., Bulletin No.9, May, 1890, pp. 302-314. 
10 Wis. Exp. Sta., Ann. Rpt 1891. pp. 8(}-.97. 
11 Utab Exp. Sta., Bulletin No.8, 1891, Bulletin 19, 1892, &n.d Ann. '&pt. 1893, pp. 11-20. 
"Vt. Exp. Sta., Ann. Rpt. 1891, pp, 75-86;and 1892, pp, 154-165. 
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CONCLUSIONS RESPECTING DIFFERENT RATIONS. 
It will be observed that the effects of the di:fferen~ Iations employed 
are in no case sufficiently mar ked to justify positive conclusions, except 
in the compa.rison of gluten meal and oil meals, which seems safely to 
warrant the statement that, for the fattening of cattle, these feeding stuffs. 
are approximately of equal value, pound for pound, and that the one 
which can be bought for least money is the one to use. 
The comparison of silage with stover would be equally decisive in 
favor of silage, but for the well known fact that cattle will eat corn stover 
much more freely than they did in this experiment when they have no 
other coarse food to take its place. 
While the experiments need repetition in order to eliminate the 
factor of individuality, which is so liable to obscure results when small 
n1.mbers of animals are dealt with, they nevertheless exhibit some very 
interesting points when taken collectively. Some of these are discussed 
in the following pages. 
HEAVY VS. LIGHTER FEEDING. 
It will be observed that the cattle fed in 1895 f~:~.ttened more slowly 
and with a greater consumption of food per pound of increase than those-
fed the previous season. The treatment of the two lots diffored in this 
respect: In 1894 we aimed to feed the cattle all the meals they would 
eat, beginning with a small ratiou, but increasing it as rapidly as they 
would take it until they began to reject it, then lowering the ration until 
it was eaten freely, when it would he increased again. Our obj,ct was to 
ascertain the highest limit at which grain might be safely fed, as a guide 
in future work. The result was that we had freque:1t cases of temporary 
surfeit, during which the live weight would rema1n stationary or retro-
grade for a week or more, but in m:>st ca;;es the intt>rruptions to gmwth 
were but temporary, and were followed by a rapid increase in weig:1t. In 
1895 the meal rationR were kept one or two pounds below the limit indi-
cated in the previous tes.t; there were very few cases of surfeit, and yet 
the gain was not 83 good. Apparently too large a proportion of the food 
was required to keep the vital machinery running. 
EFFECT OF TEMPERATURE 0~ FA,TTENING CATTLE. 
The weather during January ~md February, 1895, was much colder 
than during the same period of 13)4, the ava,rage temp.ratare at 7 A. M., 
for the thr~ weeks beginning .January 26, being mar the zero point. 
During the first'two weeks of this period the cattle showed no di~iiiution 
in gain; but from Febn~ary 9 to March .'> the average live weight of the 
lae:rd was stationary, though ih~ cattle were eating well. 
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We supposed, at that time, that this .check in growth Wl!.S due to the 
extreme cold; but in April a similar check occurred, this time beginneng 
during a period of abnormally high temperatf\re. Apparently, the •eet 
of weather conditions upon fattening cattle is a matter for further stl.l\'Py. 
Diagrams I and II show the average rate of increase in weigh.t ef 
the two herds, and also the temperature at 7 A. M. each morning, tbe 
upper temperature line indicating th·e temperature inside the stable, 1ias 
lower line the op.tside temperature. 
FINISHING BEEVES ON GRASS. 
On the 10th of May, 1894, half the steers were turned on grass, takmg 
the alternate, odd numbers throughout the list, the cattle of even lii.Mll-
bers being kept at the barn and treated as they had been through ti!te 
·winte:r. The cattle turned on grass were brought to the barn every 
evening, stabled through the night and fed night and morning. They 
continued to eat nearly as much meal and more than half as much hay 
and silage as the cattle which had no grasa, but during the n~xt t.b.nty 
days they made an average gain of but 32 pounds per head, while the 
remainder of the cattle gained over 59 pounds each. The weather through 
May was cold and wet. 
In 1895 this test was repeated on the same plan, and with simila~ 
results. In this case, the May weath~r was very dry, but variable 4n 
temperature, being abnormally warm dur\ng the first half of the month, 
followed by ten days of frosty nights. The cattle this year were turned 
out a week earlier, and were kept a week later before marketing, bei-ng 
shipped JuQe 15, so that they had 45 days of grazing instead of 30. The 
result of this tfst is graphically shown in Diagrams I and II. In these 
diagrams the straight diagonal line indicates the average rate of inttease 
of each lot from beginning to end of test, the zig-zag line running aleng 
this diagonal shows the daily variations in the average total weigi..«; of 
the hera, tbis line being divided in.to'ltwo at the po~nt where the g'llzing 
experiment· begins. It happened in both ca~es that the odd null'Jb""ed 
steers, which were turned out, were heavier in the average than thosc'irf)opt 
in. In the second test, as in the first, the steers turned out gained. less 
dining the first 30 dll'Ys thanothose kept-in, but during the last 1.5 days of 
the second test it will be observed til at the pastured steers made apparentiy 
a more rapid gain than tht>se kept in, but in br)th tests the gain ~st 
more in case of the pasturecifsteern than in that of those kept iR the 
barn. 
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Both lots of steers were shipped te Pittsburg on Saturday, yarded 
over Sunday and s Jld on Monday, and in both cases the total weight on 
Monday at Pittsburg exceeded the final weight at home on Saturday, due 
1lo the fact that this final weight was taken before watering. In 1894 the 
pastured steers apparently lost least in shipment, while in 1835 there-
verse was the case, but as the weight of water drank on the day of ship-
ment was not taken we cannot give the relative shrinkage in shipment. 
'l'he data for this expemnent are given in Table VIli: 
TABLE VIII.-FnnsHING BEl'!VES oN GRASS. 
-
I I Dry sub- Dry sub-Nnmber D stance Daily Daily stance t::ost of ~ys ! consnm· cost of food per Year. Treatment. of cat- on I gain per consumed tie. astnre. ed. per feod per steer. per pound pouudof P .•teP.r per stoer. gain. 
/ day. of gain. 
--
---
1---
---
Pounds. I I ll'onnds. Cents. Pounds . Ce1tts. 
W94 Kept in barn 16 
............ 1 20.16 15 33 2.00 10.00 7.61J 
Pastured ..... 15 30 I 15.39 1!93 142 10.84 9.10 
1895 Kept in barn 8 ............ j 20 99 I 16 09 1.76 11.95 9.15 
Pastured •.... 8 45 I 15.21 I 12 5@ 1.37 1068 9.14 I 
This table shows that in 1£!J11fue cost of food per pound of gain was 
greater in the case or the pastured steers th11n in that of thoee kept in 
the barn, and in 1895 it was practically the same, no allowance being 
made for the grass consumed in. either case. 
WARl\.ARN '00. OPEN SITED. 
The barn in wkich these h~ts were e~nducted was a remodeled 
"Pen:rasylvania" barn, the oversho~ ha-v-ing bE-en _ilncln}~ed wrth barn 
llloards, the cracks wel1 lBtteneciltand several g•az<'d wmdows :ulfied. The 
oot~le stoocl. in two rows of bo~ st,all\f.n a. plank iioor, w1t~ th,_eir-.heads 
OO.ard a middle p3.S'age, and Wocl-l ttea with chains. Th6J1 Vf.>l"y soo'l\ be-
HIDe entirely reconci"led tG their CJ1~.a:N:ers, and were handl!l~! without ,Wdi-
rulty. In e~tch experiment, t'n1 sttJers were fild in a:n op.eB yani on the 
w.Oilt side <!f_the barn, the steers :b.avinl:f. shed, .osed. to the l'!.Ort'h ami. 
ooat but open te the south'an~·weet,in.towh.ich theycoald gQ at\'\llii 
a:ni in which they were fed. Fol1oowoin~g is the average outoome of this 
-.npMison for the two tesLs: 
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I Daily gain Dry sub-Initial Rtarce con- Cost of food Treatment. sumed per per pound 
weight. I per steer. pound of of gain. 
gain. 
Fed in barn .............................. 9GO 1.99 10.20 7.27 
Fed in shed ............................. 8i6 1.93 10.53 7.38 
The diflerencPs here indicated are not sufiicient to justify the asser-
tion that either method of caring for.the cattle was better than the other, 
so far as the utilization of food by the cattle is concerned. 
INCREASE AT DIFFERE:"'T PERIODS OF FATTENING, 
In Table IX the data concerning food consumption and increase 
are arranged in three periods, the first including the GO days from 
January 11 to March 11, in both cases; the second including the 60 days 
from March 12 to ~fay 10 in 1894, and the 50 days from March 12to April 
30 in 1895, ~nd the third, the month ending June 9 in 18::l4, and 45 days 
ending June 14,1895. 
TABLE 1X.-INCREASE AT DIFFERE1iT PERIODS OF FATTENING. 
Year. Period. Sea~ on. 
RhnHe con-1 Da1ly C'ost I DailY gnin stnUCt,; ron- f d 
bUrned per of 1ood I · IF-umrd pe oo per 
steer per per bteer. per steer. • pmmcl of pound of 
Dry RUb· I . j i n:r <ub;~l - Cru;t of 
day. : I gaul. gain. 
------------ ------1----l I ___ ----
1894 I Janunry and Febru'y. 
March and April. ..... II 
III May and June ......... . 
1895 I January and Febru'y. 
II March and April.. ... . 
I Ill May and June .......... \ 
Pounds. Cents. !Pounds. I Po1mds 
1 
Cents. 
20.s1 15.11 2.21 1 9.40 I 6.83 
I 
20.85 16.44 1.82 11.16 9.04 
20,16 I 1.5.33 
20~8 
23.221 
20.99 
13.85 
lG 2!) 
16.09 
2.00 
2.19 
1.43 
1.76 
10.00 
9.57 
16.29 
• 11.95 
7.66 
6 32 
11.39 
9.15 
In this table the data for May and June are for the steers kept in the 
barn. It will be observe~ that both lots of cattle show a better increase, 
both .in rate and cost of gain, du.ring May and .June than during March 
and April, while both agree in showing a still better gain during the first 
period of feeding. The month of April, in both teiits, was the period of 
slowest gain and greatest cost. 
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SOME POSSIBILITIES IN CATTLE FEEDING, 
As was stated at the outset, the cattle fed in this experiment were a 
mixed lot. They included not only several grades of the dairy breeds, 
but several of those of purest shortho·rn blood were not_ the best type of 
feeding cattle. But our object was to ascertain what might be done with 
the average Ohio steer, under the management of the average Ohio 
f<trmer. We believed that such an experiment would be useful in not 
only showing what might be expected of such a lot of steers as might be 
picked up in any county of Ohio, but that it would have a greater value 
ii it showed the contrast between cattle of different feeding capacity than 
if it showed only the highest possible achievement. 
Tables II and IV show that there was a wide diffdrence in the utili-
zR.tion of their food by the different cattle. To show this point more 
clearly we have summarized the results in four groups below, arranging 
~.hfl groups according to the cost of feed required to produce a pound of 
increase: 
TABLE X.-SUMMARY OF TABLES II AND IV. 
--
I 
Dry sub-
Number of Initial ~tance con- Cost of feed Group. cattle. weight. Total gain. sumed per per pound of pound of gain. 
gain. 
I. ................. 11 950 277 9.32 6.52 
ll ................ 12 979 246 9.85 7.47 
lii •.............. 13 983 213 .11.62 8.41 
IV ................. 11 990 180 13.20 9.84 
It appears from the above summary that the cost of the increase was 
50 per cent. greater in the case of the eleven.worst steers than in that of 
the eleven best ones. 
THE AVERAGE OUTCOl\IE, 
The total weight, at the beginning of the experiment, of the 31 steers 
which were fed throughout the first test, was 29,781 pounds (average 960), 
and the total weight of the same steers at the end of 120 days was 37,283 
pounds, a gain of 7,502 pounds, or a small fraction over two pounds per 
,;teer per day. To produce this gain, the cattle consumed 49,071 pounds 
of mixed meals, 18 585 pounds of hay and 70,867 pounds of silage, the 
whole containing 77,500 pounds of dry substance. The daily consump-
tion per steer was 13! pounds of meals, 5 pounds of hay and 19 pounds 
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of silage, a total of 20 4-5 pounds of dry substance, no allowance being 
made for straw consumed nor lor feed rej1~cted. 
The total cost of the feed consumed, at the prices given, was $587.04, 
or $7,82 per hundred pounds of gain. 
The steers were finally sold in Pittsburg at $4.70 per hundred pounds, 
a price which netted $4 50 per hundred pound:,; at the station, making 
their value, at the end of the 120 days under review, $1,677.64, Deduct-
ing from this the cost of feed, $587.00, gives $1,090 64, which would be 
$3.66 per hGndred pounds on their weight at the beginning of the exper-
iment. 
In other words, an ad vance in price of 84 cents per hundred pounds 
paid the cost of the food consumed during the test (excepting the straw), 
estimating it at its full market value, but making no allowance for the 
straw comumed, for the labor of caring for the cattle, nor for interest on 
the capital in vested. 
The initia,l weight of the 16 steers used in the second test was 15,846 
pounds; their weight at the end of 110 days was 19,091 pounds, a gain of 
3,245 pounds, or 1.8+ pound per steer per day. These steers consumed in 
Lhe four months 20076 pounds of mixed meals, 29,407 pounds of silage, 
1,578 poundtJ of stover and 12,881 pounds of hay, all containing 38,7~4 
pounds of dry substance; the daily consumption per steer being 11.4 
pounds of meals, 16.7 pounds of silage, 7.3 pounds of hay and ,9 pound 
of stover, a total of 22 pounds of dry substance* 
The total cost of food consumed was $262.92, or $8.10 per hundred 
pounds of gain. The steers were sold in June in Pittsburg at $5 00 :iJer 
hundred pounds, netting $4.77 per hundred at the station, or a tot'al value 
of $910 64 at the end of the 110 days. Deducting from this the cost of 
feed, as before, we have a net value of ii)G47 72 at the beginning of the 
test, or $·i.OD per hundred on the initial weight. In this cage, therefore, 
an advance in price of 68 cents per hundred pounds paid the cost of food 
consum~d during the test, with the exceptions already noted. As an off-
stt against these items we have the manure produced: 
VALUE OF MANURE. 
Table XV (see appendix) gives the average percentages of moisture, 
ash, nitrogen, phosphoric acid and potash found in the common feeding 
stuffa, as compiled by W. H. Beal, of the Office of Experiment Stations, 
U. S. Department of Agriculture, and published in the Hand Book of 
*The•e st.e•Jrs were bcdde.i with straw, but they did not have access to, 1traw pile ln the 
J&rd, aa did those in the previous test. 
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Experi'ment Station Work. The analyses given are the averages of Amer-
ican analyses, unless otherwise noted: 
Oa the ba.sis of thes.:l analyses, the feeding stuffs used in the first ex-
periment under review wJuld have contained approximately the quantity 
of fertilizing constituents shown in Table XI: 
TABLE XL-FERTrr,IzrNo CoNSTITUENTs IN FEEDING STUFFS. 
----
- -
I Fertilizing constituents. Feeding stuff. Quantity 
I 
fed. 
I Nitrogen. Phos. acid. Pota>h. 
Puunds. Pounds. Puunds. 1-ounds. 
Bran ...................................... 19,106 510 552 307 
c l* 19,121 348 134 76 orn mea- ............................. , 
Wheat meal. .......................... 3,644 86 32 22 
Gluten meal.. ........................... I 3,464 174 11 2 
Oil meal. ................................ 3,736 203 62 51 
Clover hay .............................. 16,008 331 61 352 
Timothy hay~ .......................... 2,577 32 14 
J 
23 
Corn silage ............................. 70,867 198 78 262 
Totals ............................. 
················· 
1,882 944 1,095 
<t Estimated on the basis of corn kernels, the meal b2ing unbolted. 
The 7,500 pounds increase in live weight was chiefly water and fat. 
Experiments made on a large scale by Sir John B. Lawes indicate that 
such increaFe, in the case of cattle, would contain about 1.23 per cent. of 
nitrogen and 1.47 per cent. of ash. This ash would contain a small quan-
tity of pho~phoric acid avd potash, but it is safe to assume that, after mak-
ing full allowance fr>r the fertilizing constituents carried away in this 
7,500 pounds o! incri:'asE>. there would still be left not less than 1,8 0 
pounds of nitro~n (equivalent to 2,200 pounds of "ammonia"), 900 
pounds of phosp11oric acid and 1,000 pounds of potash, to be returned to 
the soil, if all of the manure were carefully saved. 
In the c1se under consideration the cattle were fed on a cemented 
floor, from which linE>s of sewer pipe, laid in cement, led to a cemented 
cistern, which collected 8,11 the liquid not caught by absorbents, and the 
solid excrement, with itE straw, was carried into an open, saucer-shaped 
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barnyard, where it was fur~her mixed with straw from the stack already 
referred to. Undoubtedly part of the valuable constituents of the manure 
was lost by this treatment; but where such manure can be drawn directly 
to the field and immediately s-pread, the neces>ary loss is small. A 
covered barnyard would prevent loss from leaching, but would involve 
greater loss from heating unless great care was eJtercised. 
In the Ollicial Report of the Ohio State Board of Agriculture on 
Comrner,1ial Fertilizers for the ytar 1894, ammonia is valued at 17 cents 
per pound, solublle and reverted phosphoric acid at 6]r cents and potash 
at 61J cents, theee valuations being based on the average price of ths 
ingredient>~ in Ohio, as sold that year, in commercial fertilizers. 
On the basis of these valuations the nitrogen, phosphoric acid and 
potash in the manure produced in the test of 1894 would be worth $497; 
$374 for the nitrogen, $58 fgr the phosphoric acid and $65 for the potash. 
It is true that it would be practically impo;osible to eave all the 
fertility thus produced an~ return it to the soil, especially the nitrogen. 
It is true, moreover, that it is possible to purchase nitrogen and phos-
phori-c acid in forms in which they will give a quicker return than in 
stable manure; but it is ab:o true that much of the nitrogen and phos-
phoric acid of ordinary commercial fertilizers are little if any more 
effective tlian those of ma~ure, and in some cases they are undoubtedly 
l~ss so-as when raw bone, or horn, hoof and leather shavings are Uded as 
the source of these constituents. 
It is further true that these ·essential constituents of fertility may be 
purchaeed in forms at once more effective and less expensive than the 
ordinary, mixed fertilizers of commerce-that is to say, in nitrate of soda, 
basic slag or superphosphate, and muriate of potash; but it is also true 
that few f<Lnuers buy thEse materials. 
It is further true that it costs more to apply fertility to the field in 
the form of stable manure than in that of the convenient "phosphate;" 
but it is also true that this extra cost is a very small item when the 
manure is simply hauled from the stable to the field on the ordinary 
farm. 
It would seem, therefore, that after making full allowance fer una-
voidable loeses of nitrogen, for slower availability and for greater expense 
in applicat:ion, there would still remain value enough in the manure 
left by cattle fed under careful management to give a handsome profit on 
the feeding, provided the cost of the feed itself be recovered in the. in-
creased value of the cattle. The difference in price, however, which has 
been shown to be necessary to recover this cost is far below the differense 
which farmers expect to receive as a rule, and which a comparison of 
market quotations will show to be the rule, so that there is reasonable 
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ground to expect a direct profit on the feed consumed, in addi:t.ion to the 
indirect profit to be found in the manure.* 
The cattle used in these tests were simply lots of ordinary, three-year· 
old steera, such as may be picked up in any county of Ohio, and certainly 
not above the average quality of the cattle of the State; in fact, an expert 
feeder, accustomed to the high· grade 8horthorns of the grazing n_gions of 
Ohio, Kentucky, Illinois and Iowa would have pronounced them un· 
promising lots of cattle for feeding. 
The expHiment (for both tests may be included as one) hs.d for its 
prime object a general stuay of the conditions afiecting beef production, 
a study designed to supplement the similar study of the production of 
milk, which has been carried on ·at this Station during previous years. 
It was made under such conditions as prevail on the ordinary, well 
managed farm, and its outcome, so far at least as rapidity of growth is 
concerned, has been excelled by many farmers. It was our purpose to 
arrive at an average basis in feeding, and we believe that our results, in 
regard to food required in fattening, may be accepted as safely within the 
limits of ordinary work. 
In Table XII, republished from Bulletin 50 of this Station, we have 
compiled the results of such recent experiments in steer feeding by other 
Stations as contain the data necessary for campHison, from which it will 
be seen tha.t' our results were quite moderate. 
'' rhe foJlowing table, compiled from statistics published by the Cincinnati Price Current, gives 
the average monthly rang· of prices in Chicot;;o for good to choice st~ers, weighing 1,200 to 1,500 
pounds, fvr the •even years, lSIS!l to 1894, inclu•ive: 
PRICES OF CATTLE IN CHICAGO. 
January .................................................................................................................... $3.15@ $5.55 
February.................................................................................................................. 3.30@ 5.35 
March ........................................................ ...... ............ ...... ..... . ............ ...... ............... 3.60 @ 5,35 
April ........................................................................................................................ 3,80@ 5.30 
May ........................................................................................................................... 3.90@ 5.30 
June ....................................................... ,................................................................. 3.!:G@ 5.60 
July ........................................................................................................................... 3.55@ 5.50 
August..................... ..................................................... .......................................... 3.20@ 5.65 
September................................................................................................................. 8.15 @ 5 70 
October ..................................................................................................................... 300@ 5,85 
November................................................................................................................. 8.00 @ 6.00 
Th'.s table indicates that the average price of the lower grades of cattle is highest in llfay and 
Jl'!ne, and that of the higher crade11 in OoLober and Nonmber. Tbere ia, of coune, an adv~~oncu in 
p&du u c&ttl~ ~~ore fattened. 
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rABLE XII.-PRonucTrvrTY oF Foon IN STEER FE1!:DING. 
Gain in live weight. 
Number Ag" at 
of steers end of Reference, 
in tetit. test. Per 100 
Per day. lbs dry 
substance 
con;umed. 
---
Yearo. Pounds. Pounds. 
MassachuHetts .....•.. 7 1 1.36 9.24 Ann. Rpts. 1891 and 1892. 
" 7 2 1.45 7.65 " " " .......... 
New York State ..... 5 11 1.27 11.29 " 1890. 
Virginia ............... 12 3 2.17 9.26 Bulletin 10. 
Ontario ...............• 6 2 1.48 11.13 Exp. Farms Rpt. 1891. 
Kansas ....... " ......... 8 3 2.50 10.00 Bulletins 34 and 39.* 
Maryland ............. 4 3 2.78 11.60 Bulletin 22. 
Iowa ................... 18 1 2.48 11.35 " 20.t 
" 18 2 3.03 9.55 " 20. ....... ~ 0 •• 0 0 ••••••• 
Ohio ...... " ........... 47 3 1.91 9.2! ..................................... 
----==r~:~~= ----Average .....•......... 9.77 . ................................... 
'''Dry matter estimated from Jenkins and Winton's tables, and comparison made with lots fed 
on balanet:d ru!,..lonb only. 
t Dry rD>t'.tcr c·stim"ted from Jenkins anr1 Winton's tables. These steers and five of the Maa· 
sachusetts SlCt_;IS were fed through t'vo sucees~ive winters. 
THE CHEMISTRY OF CATTLE FEEDING. 
From 40 to GO per cent. of the animal body consists of water, the 
quantity being smaller as the fatness of the animal increasEs. 
1\Iim:ral substances (left as ash in burning) compose two to five per 
cent. of the entire body, varying from about G7 per cent. of the bones to 
a mere trace in the softer tissues and fluids. No part of the system is 
entirely destitute of minerals. 
Prom G to :10 per cent. of the body consists of fat, the quantity 
varying with the condition of the animal. Pure fat is a chemical union 
of three e'ementary substances, carbon, oxygen and hydrogen. The same 
three sub0tances, combined in different proportions, constitute the woody 
fibre and the starches, sugars and fats of plants. In the process of diges-
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tion and assimilation the fibre, starches and sugars (collectively called 
carbhydrates) serve first as fuel, for the support of the vital heat and for 
the production of motion or work; when more is consumed than is re-
quired for these purposes it is stor.ed in tae form of fat, this fat serving 
as a ret:ervoir of fuel whi0h may be drawn upon in case of deficiency of 
food. The fat of thlil food also serves the same purpoBe as the carbhy-
drates, for which it is estimated to be about two and one-fourth times as 
valuable, pound for pound. There seems to be a close parallelism betwee>n 
the nutritive values of fat and starchy matters and their fuel values, 
when bumed for the production of heat. 
A fourth important class of nutritive substances contains nitrogen 
alil.d sulphur in addition to the three elements fouu d in the carbhy.drlrtes 
and fat. These are the so-called protein compounds, also known as 
albuminoids. They contain about 16 per cent. of nitrogen and their office 
is that of gr-owth and repair. In every .cell of the vegetable or animal 
organism, which is charged with livi-ng functions, protein is found. It is 
consumed in relatively large quantities in the growth ef young animals, 
and in the production of milk. 
All reeding stuff:~ contain more or less water. In hays. grains, etc., 
the water co:0teut usually ran~s between 10 and 15 per cent.; in silage it 
amounts to 70 or 80 per cent., and in roots, grass and green fodders it may 
reach 85 to 95 per cent.-a turnip or mangel may contain more water than 
would be fouf!ld in the same weight of milk-but while the water of the 
food may add to its palatability, such water has no more nutritive value 
than water drawn from a spring or well. This point has been fully dem-
onstrated. 
Of the several mineral elements which appear to be essential to 
an.imal life the two most abundant are phosphoric acid and lime, these 
twlil constituting about four-fifths of the total ash; but if any one of the 
necessary mineral elements be absolutely withheld from the system life 
willl!!oon cease. 
In ordinary farm practice there is seldom any lack of mineral sub-
stances in food, especially in case of animals fed on the coarser feeding 
stufis, but in exclusive grain feeding there is a possibility of reduci-ng 
these constituents below the p~int needed for the mo11t perfect growth. 
Thus Director Henry, of the Wisconsin Experiment Station, in summa-
rizing the results o( several experiments in pig feeding, says: "It appear a 
plain to us that the excessive feeding of corn, wit.h its deficiency in ash, 
tends to repress the natural development of the museles, reduces the blood 
an.d some of the internal organs of the body and gives weak bones."* 
*Seventh .Annual Report, Agricultural Experiment Station of the University of Wisconsin. 
page 82. 
FEEDING FOR BEEF~ 33 
There is ground for the suspicion that the ash constituents are more 
liable to be deficient in human than i:n animal foods. 
The protein supply is more liab1e to be deficient Hum that of miner-
als, especially where corn and timothy hay are the feeder's chief depend-
ence, since these ar.e both relati,vely deficient in this coEstituen:t. Our 
present knowledge of the laws governing nu~rition justifies the statement 
that a certain amount of both mineraJs and protein is absolutely e;:scntial 
to asS'imilation, and that oniy so much of the carbhydratrn and Jat will 
be ut{'liz~d as are required to balance the protein and minerals available~ 
Protein, like the starches, etc., may be converted into heat and fat; but 
protein c?.nnot be formed from starch or fat, since these are destitute of 
nitrogan. 
Diagram III shows the relative proportion of ash, protein, fiber, fat 
and starchy matters in 100 parts of the dry substancei:l of a few of the 
mole common fEeding stuffs. This diagram illustrates the large propor-
tion of protein in the various by-products-bran, middlings, gluten meal, 
etc.; the prep,mderance of fiber in the hays and stuws, and the very 
interesting fact that, when divested of water, the most couspicuous di:fft"r-
ence bet ween the grains and roots is the larger pr0portion of ash in the 
rt'>ots and of fat in the grains, the percentage of protein belng nearly the 
same. 
TH.I!; NUTRI'fiVE RATIO, 
All substances us\d in animal nutrit•ion are found, when subjected 
to chemical anRlysis, to be composed of two or more elementary sub-
stances, chr-m;ca1ly combined. \Vater, for instance, is a combination of 
the two gai'lS8K, oxyg<m and hydrogen) united in the proporcion of one 
volume .of oxygen with two voltimes of hydrogen. The starches, fats, 
etc., are composed of the eiements of water, united with crarbon, the three 
chnnents bt•ing always found united in o'~:rtain fixed propO'l'tions. T·he 
protein coll!piml.1ld:s conbin these three elements. uni.ted with nit:oogen 
and snlplmr, tbe proportions a'gain being fuc~ and defin-ite. 
It seems highly prob1ble tl~at a similar- law oontrols the a~s,imilation 
of food in the amimal b:}dy, and that the g.\'tl~ttest etft>ct will be pro-
du•ed from a gi-ven food when the c.onstituents of tbat food bear to each 
ot-a:er a co~rta-in ratio. What thi!:l':ratio i-s we do no\ yet knpw·; ~o'babl.Y 
y~ varies within cerhtiB limits, acciordil!lg ai3 th~ en.erg:Y o,f the fO(;,d is 
diKe001:1d to>Ya:rd!:' gto~;~h, the prorluction pf milk GI wool; ~r, t'be accumu-
lation of fs;t e,tc .. soruewhr.t a.s the aame two g~s whi!Ch·, w~<Bn simj'lly 
mi~ed. t<'g(l!;her, .give to us the air whiCh i-s the breat.l'i of111 lil;e, may form, 
whe'l!l chniJically combined iu one prOJ>ortion, t'h.e oor.i'qshe nitrie acid, or 
in a·nolher ·propo:rti,on, the so·calle!i "bm~hing !Jt!!<&/' · ChemiGal Gom'Bil!a-
tion, it' will be observed, is a very different· thing from, sirp.}'lle mix-ture. 
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DIAGRA~f III.-Rrn,ATIVE CoMPO,ITION OF DRY SuBSTANCE IN Fv.FDTNG STUFFS. 
( :;.;r~1 germs ............................. . 
f'iJ!"~'I'I:"'"' :~:r:;:~"'"ff' bug1u beets ............................ ~~~=- 't.i
Pun1pkins 
=-- :: 
Ash !~ p !. • ~ "W'b I[~ .T;l t ~ 
, llfiD!.Ii ro1e1n, .L' 1 er, _,~:= . .c a .~
Starch & c. , c==-1 
Entire plant. 
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This probable parallelism has suggested the attempt to discover the 
laws governing assimilation; and we have heard much, in recent years, 
about the "nutritive ratio," by which is meant the proportion between 
the nitrogenous, or protein constituents of the food and the non-nitro-
genous constituents-the carbbydrates and fats; the theory being that for 
some purposes-as growth and milk production-there should be a larger 
proportion 9f protein than is required for the maintenance of heat, for 
work or for fattening. 
DIGESTIBniTY OF FOODS. 
It is evident that such a law as that indicated can only apply to the 
digestible portions of the food; for in all foods there is a larger or smaller 
portion which is never dissolved by the digestive fluids, but passes 
through the body unchanged. Experiments made within recent years, 
in which both food and excreta were subjected to analysis, indicate that 
there is a wide difference in the digestibility of the d.fferent classes of 
foods and between the different constituents in the same class; thus a 
much larger proportion of the grains is digestible than of the straws and 
hays; the fats are more fully digestible than protein, etc.; and further 
than this, the combinations in which foods are used affect their digesti-
bility. 
The experiments upon which our present knowledge respecting the 
digestibility of foods is based have been made on comparatively few ani-
mals, and by methods which are confessedly crude, so that the most that 
can be said of this knowledge is that it is an advance beyond the absolute 
lack of exact information which formerly prevailed, and that calculations 
based upon the results of these experiments will be closer approxima-
tion to the actual truth than those which deal only with the total substance 
contained in the foods, as shown by chemical analysis. To illustrate: 100 
pounds of the dry substance of wheat straw is found by experiment to 
contain on the average about 43 pounds of digestible matter, while the 
same quantity of the dry substance of the wheat grain contains about 84 
pounds of digestible matter. In other words, there is about half as much 
digestibl~ matter in wheat straw, as in an equal weight of wheat grain,-
the percentage of water being nearly the same in both. Further than 
this, the digestion experiment shows that the two most valuable food con-
stituents-protein and fat-are not only relatively deficient in the straw 
but are less digestible than the similar constituents of the grain; and 
thus, while of total digestible substance the grain contains only twice aa 
much as the straw, yet of digestible protein it contains 12 times as 
muoh, and of digestible fat about four times as much. 
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In Tuble XIII, compiled by E. W. Allen, of the Office of Experiment 
Stations, U. S. Department of. Agriculture, ia given the nvt rage per-
ce:atage of dig,stib'c constituents in Impounds of ft'edir<g nuffs, deduced 
as far as possible lrom American analysa.:J and American d.ig':l5tlun exper-
iments: 
TABLE XIII.-DlG•·STIBLE FooD INGF:EDmNTS IN 100 PouNDS OF Fmmrl':G STUFFS. 
F .. ?er!.ing stu tf. 
G;een fodder: 
Corn fodder' (average of all varietiee) 
Rye fodder ...................................................... .. 
0Rt fodder ...................................................... . 
Re.dtop, in bloom ........................................... . 
Or<· hard grass, in blooJn ................................. .. 
Mettdow fescue, in bloom ............................... . 
Timothy,'2 nt <Jifi\~reut !:itagcB .••••••••••••••.•.•••.•.. 
Kentucky blue gn.ss ..................................... . 
IIungarJall gra~s ................................•••....•...... 
Red clover, at different stageR ................ ., •••••.. 
Crims011 clover ....................................... ~ ........ 
1 
.Aif•lfa.' at diffe·cnt sta:;es ............................. 
1 
::j:p::~~::::::::::::::::~ ... ::::::·.::::::::::::::::::::·::::::::·l 
Corn silage ............................................................ i 
I 
Corn fodiler,1 flelrl eured ....................................... ! 
Corn stover, field cured .......................................... ! 
Hay from- . 
~::~:: .. ~~-~~.~:::::::::::::::::::::~::::::::::·:::::::::::::::::[ 
Timothy' (all ana•y,c>) .................................... l 
Kentucky bluP grass ..................................... . 
Hungarian gras-< ....................... : ..................... .. 
Meadow ffseu e ............................................... . 
Mixed grasses .................................................. . 
Rowen (mixcJ) ............................................... .. 
Mixed grasses r.nd elover ................................. l 
Red <ilover................. ....... ............ .. .............. . 
Al&e cl<wer .................................. - .............. ! 
•IIIIWolover ................................................... .. 
Crimson clover ................................................ , 
Alfa:lf.a.' ......... ~ ................................................. . 
DrV 
llihttcr. 
Pattncls. 
20.7 
23.4 
37.8 
34.7 
27.0 
30.1 
38.4 
34.9 
28 9 
29.2 
19.3 
2'.2 
16.1 
28.5 
20.9 
57.8 
59.5 
90.1 
9l.l 
86 8 
78.8 
92.3 
80.0 
S7.1 
83.4 
87.1 
84.7 
!H3 
90.3 
9M 
91.6 
2.05 
269 
2.06 
1.91 
U9 
2.?8 
3.01 
t.n 
8.07 
2.16 
3.o9 
168 
0 86 
2..18 
1.98 
4.78 
4.S2 
2.89 
4.76 
4W 
4 2l 
4.22 
7.19 
6.16 
6 58 
8.15 
10 49 
10.fiS 
1411 
22 eo 
21.'2! 
15.\Jl 
16.73 
23.71 
19 ~3 
15~8 
H.ll:.l 
9.31 
n.ca 
SlS 
1182 
11.79 
33.:~8 
SS.IG 
41 99 
4~.83 
·J3.12 
:l7.33 
5l.C7 
43 ~~ 
41.2D 
42.71 
3§.35 
41.70 
41'.8~ 
3813 
37.33 
0.44 
1.04 
0.5~ 
OJS 
0.12 
0.77 
0.3(\ 
(1,69 
044 
0.41 
o ca 
0 6', 
1.1F, 
0.07 
1.4~ 
1.18 
1.95 
1.a1 
1.1.3 
1.33 
1.43 
1.46 
l.C6 
1 B6 
1.48 
1.29 
1.38 
31,914 
51,624 
45.785 
85,59:3 
84,755 
51,591 
45,985 
84,162 
86,187 
23,191 
29,798 
19,209 
29,833 
25,714 
71,554 
67,766 
92,9()0 
100,078 
92,7~9 
86.516 
110,131 
96,040 
97,0.:•9 
84,~% 
981i€0 
l!h>,346 
95,877 
94,936 
tCorncl!odder is entire plant, usually sown thick. •Herd's gra.ss of j'ew Englarrd e.nd New York 
II'Lueem. 
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TABLE Xll.::-Continued. 
Feeding stuff. 
Hay from-Coucluded; 
c·o\vpea ........................................................... . 
6ojn bea11 ........................................................ ] 
V\'h\ at "'tra\\i_., ..•••..•....•..•••••................•••••.•.•......... i 
;:: ::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.·\ 
Soja. be~.n strn w 1 Roots aud tn ber~·;·· ....................................... ········~ 
Potatoe,j ......•..•.......•..•...•...................••.•.•......... 
Dry I p t . I Carbo· I F ! Fuel 
matter. ro mn. I hydrates. at. ! 'u ne .. 
-----~----~---------------~---- -----
Poll/1-dS. 1 Pound~ 1 J ounds. ! Pounds C'alorieS\ 
o9.3 I .o.;g I :lHO 1.51 97.86l'> 
! I 
,s 7 I 10.78 l 
:~:~ 1111 :: 
89.9 2.30 
'21.1 1 1 ~7 
4~.71 
1.51 98,56~ 
37.94 0.16 
41.63 0.74 
39.98 1.03 82,9&'; 
lb b9 
Bee:s ............................................................... ! 1.21 H.84 0.01> 18 9041 
I 
1\oian~c!·\\' ll zc~ 1 s ............................................... I 9.1 1.03 ;).65 0.11 12,~ 
'1'11ruip.~ ........................................................... ! 9.5 0.~1 6.46 O.l t 1<191% 
Rnt><·u 'PiS ..............••....••.••......•...•.•••.•....••••.... 1 11.4 C.i-R I 'i.7i 011 16,4$':· 
Carrots ........................................................... ~ 11.4 0.81 7.1):3 0 22 1S.1}i:.r:;t, 
I 
Coru ('IVCnlge of dent awl flint) 89.1 i.il2 Lb.6::' 4.~~8 156,82..} 
Barley ···~·······"···· .. ········· .............................. . E9.1 ~ 6\) hLS:) 1.60 113.41)~·· 
O:i.t~ ................................................................ . 8!) () 9 :r> <lS.:14 4.lb 1:!4 7~/} 
Rye .. ~td P.:2 W_7-~ l.:lli lf;~I.-W~ 
Wh•,>tt (ali vnriet:es) .................................... . b9.5 1\L.~:) t 'J Ll 1J·;t~ 154,8~;] 
Cotton~"t:_'ed {\vLiole) ....................................... . b9.7 ll.1..K ::3.1~ 1b H 160.01~ 
Mill prod uets: 
(:oru In·.·al ...................................................... . ~j 0 7.0t f.."J.:.!O 3 .. 5 H8(J~ 
Corn t.nJ cob mefd .................... . 8i.9 (, 46 .2R 2 ?-";' 128,8(;~ 
()atn1Ci1,l ........................................................ .. U2.1 ll.5l .12.06 f -~J:{ l4a,so~,· 
Barley IDed.l ..................... ,.,.,,H,,,,.,,.,.,,,.,.,.,,,,,, i 8'i.l 7.ih fi.: ~H U:ti 1&\,818 
i 
G:·onud eor11 and oatf" ( q 11al parts ................. 1 .~ 8.1 7.:39 til.20 ~~. "i2 l4':,ZJ>I 
I 
Pea meal .......................................................... ! 89.5 16.~7 51.7R 0.6C) 130,24:.1 
Wa.ste prodnet8: I 
:; ::::: :(~~,:.::::::·::::::::: ::::::.:::::::::::::::::::::::::::.1 92.2 20.10 41.75 ~ c,g l;;.';M3 .. a1.2 25.49 4~.32 10.88 . 59,llei· 
Hom:ny \:hops ................................................. ! 
MR!t sprouts .................................................... ~ 
88.9 7 45 iJf:.'U G ~~ 14~·3--tJ > 
89.8 18.72 48.50 1.16 U0621• 
Brewer~· ~~ra us (\ret1 ..................................... . 24.3 4.00 9.:17 1.38 3Gjtilr.tl 
Brewe,~· g[ain~ (dried) ................................. .. 91.1 14.73 36 60 432 li5,8lj I 
Rye bra11 ........................................................ . 88.4 11.45 50.:2S 1.96 123,081' 
Wheat bran, ail analyses ......................•.•..•... 88.5 12.01 41.23 2 87 111,1113• 
Wheat middhugs ............................................ . 84.0 12.79 5315 3.4} 136.~ 
Whe"t •horts ................................................. . 88.2 12.22 4998 883 18l,s:;:;.< 
Buckwheat middiings ..................................... . 86.8 17.84 24\611 ... 5 ... 1Q0;86GO 
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TABLE XIII-Concluded. 
Feeding stuff. D1y . [ Carbo· matter. Protem. hydr'" t··H. Fat. 
Wute products-Concluded: Pound.~. Pmtnds. Pounds. Pounds 
Cotton-seed meal. ........................................... 91.8 37.01 16.52 12,58 
Cotton-seed hulls ............................................ t8 9 0.42 30.~5 1.69 
Linseed meal (old proce•s) 
··························· 
90.8 2S.76 32.Sl 7<6 
Linseed meal (new pro<·c'") ............................. j 89.8 27.89 36.:J6 2.73 
Kll:::nduitts~:~~·~~~~-~~~-, ..................................... 1 89 8 42.94 22.82 686 
"'hole milk ...................................................... l 128 3.48 4.77 8.70 
Skim milk-cream raised by 'etting- .............. 9.6 3 13 4.69 o.rn 
cream raised by &t parator ......... J 94 2.~4 5. ~!·l 0 .. 9 
Buttermilk .................................................... ( 9.9 3.~,7 4 IIU ll6 
Wbey 
··················································· ·····-···· 
I 6.6 OM 4.74 0.31 
I 
Fuel 
va1ue. 
Calorlea. 
15:1653 
C5 4'>0 
144,.ll8 
181,0:6 
101;'~3 
g() 8f.O 
1,,04~ 
16.4:\~ 
37 681 
1',6W 
The last column in the sbuve ta''le, headed "fuel value," indicates the heat anc 
energy power of the rood. It will be remembered that one of the primary functions o! 
the f.ood is to produce heat for the bJdy and ener,,y for wark. Tne value of f.ood for 
this purpose is measured in "heat unit," or "c ,lorie,,' 11 ar.d is ealcuLtted from the 
nutrients digested. Thus the fuel value of one pou:;d c;l uigestible fat is estima:ed to be 
4,220 ealories, and of one pound of di,gestible protein or earbohydr:tte• ab rut 1,860 
calories. The total fuel valu» of a feeding stuff is louud by uoing the·.e f .ctor<. 
The meaning of the fig nrc's in th:J ab.rve table is that in 100 pound, d gr; en corn 
fodder containing ~n aver•~gp arnount of dry matter (20.7 poun(Js) there an~ contained 
approximately 1.10 pounds of d.gk!ellble protein ( nJ8.tvrials containinft, nittr gen ), 12.08 
pounds of dige•.tible c crbohydrat<cs (starch, suw1r, fiber, etc.), Hnd 0.3'7 P"il' d of dig;·st-
ible fat; and :hat these material" when burned in the blldy will yield 2li 07li •oalories of 
heat, futnishillg (nergy for work and maintaining the temperature of tice bvdy. 
THE CALCULATI0:-1 OF RATIONS. 
With such a table before m as the one just given, it is possih1e to so 
adjust a ration that it may contain any d~:sirable proportion of tLe differ-
ent nutritive constituents. 
To illustrate: The avenge daily ration consumed by tbe four steHs of 
Jot A in our first experiment consisted of 14.86 pounds of mixed meals 
and 10.41 p•,unds of elover bay. A.hout 22 per cent. of the m ai ration 
was glutt'D meal, tbe remainder being bran and corn mPal in fqual parts. 
Such a ration would contain the following quantities of digestible nutri-
ents as calculated lrom Table XII: 
'A ealorie of ht·at is tht1 amount required to raih6 the temperature of a pound o! water about 
'o F~,hr~.~J.1lt:i t .• 
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DrGE8TIB,LE NuTRIENTS IN RATION. 
Food. I Protein. Carbhy- Fat. drates. 
Pounds. Puunds. 1 ound<l. 
3.28 lbs. gluten meal .................................... 0.83 1.39 0.34 
! 
5.79 lbs. wheat bran .................................. ~ ... l 0.70 2.39 0.17 
. i 
5 79 lbs. corn m<al ...................................... j 0.46 3.86 0.24 
10.41lbs lbver hay ................................... ! 0.68 3.68 0.17 
Totals ............................................... [--w-~--11.321--Q92 
~hl!tiplying the tot.al fat by two and one-fourth and adding the pro-
duct to th•l carbhydrates we bave a total snm of 13.37, which is approx-
imately five tim'cs the amount of the protein, hence we s:q that the 
nutritive ratio is one to tive. 
After t:lis manner the rations fed to the different loLl of cattle in the 
t.wo ,.;-:,,.-r:ments have betcn ealcahted, the results being given in 
!'Jble XIV: 
TABLt•: ~~l V.---DtuESTlH_LF.; Nu1RlFNTs Co~sLMl':D. 
~-------~;~,,t·;~~-::tri=~~-=nsun~:--------!------J'---
I------.. --.. - ! I Calorie;; eon-1 
Y L ' l) l - ' l I I srw,cd lJ'r 'Nutritive car. c•t. ' ~r •~au per ' ay. j . I . ' f j • 
: To<at per 1 po•m.c o ratiO. 
:--._--'1---------------~ pound of I g.,m. I 
: p t . i Carbln·· [ F t 1 fain. I 
! n} eHL ~ dr:ue~. I . a . I ., ! j 
1894 i; / ---- ~ ~b 1--~111~,--·.~.~7::- ~~---- g_~~ ~~-·· ;:•,- i -- ;;,;;~ ~~- L ~-~-
c ' 2 7•J i • o.80 ".''9 Jli:Ul 1: 4.6 
D I 2 24 10 li6 0.85 fi.89 13.S:20 1: 5.6 
E I 1.!!3 9.·±S I 0.70 (i,i7 1:3/>86 I 1:5.7 
F I 221 10A3 I 06;{ I G.23 12,293' 1:5.3 
~> 1 1 r,s 12u9 0.12 7.46 14,'i75 1:8.7 
11 I , Ln3 nag 0.68 1 6 IJ7 1::;, JIJ ~ 1 : 8.4 
1895 A I 2.19 i 1044 0.77 783 15,7::6 1:5.6 
B 
1
1 2.28 10.42 0.73 8.40 16,702 1:5.3 
c 2.14 10 12 0.85 6.62 13,299 1:5.7 
DE I 1.79 12 .. 57 0.71 7.33 14,453 1; 7.9 
It would seem, from these results, that there are other fact•)rS govern-
ing the productivity ot a ration wLich are of more importance in the 
40 OHIO EXP ERJME.'iT STATION. 
fattening of cattle than the mere ratio of its nutritive constituents, and 
this is in accord with our general knowledge of the functions of the dit:.. 
ferent materials. 
When coal is burned under the boiler of an engine a chemical com-
bination t11kes place between the carbon of the fuel and the cxygen of 
the atmosphere, attended with evolution ot heat, which heat is 
converted into work through the t>xpamive force of steam. \Vhen 
food is taken into the stomach the digestive processes Fet up there· 
a chemical action in which the carbon of ibe food is recombined, 
this process likewiBe b~ing attended with heat a3 maniftsted in the con-
stant maintenance of th'l high temperature of the b,;dy. If more food 
is taken tban is required for heat maintenance the surplus may be stored 
in the form of fat, or it may be expended in work, while if the food be 
less in quantity than that nquired for htat maintenance, the beat will 
still be kept up by drawing upon thP otored up fat of the body. 
For the production of heat under artificial methods the pro:ein con-
stituents of the food are foun·.i to be equal, but not superior to tht1 carb-
hydrates, the nitro ,sen oft he protein c<lmpounds bting simply inert so far as 
heat production b concerned, and this appears to be equally true in the 
production of heat, or its reciprocals, fat ::;torage and work, in the animal 
mechanism; but when the reiiultant of the food energy is growth, tht'n 
something more than the elemen tc; of heat are nq uirtd ; for this process 
involves the productiun of living tisr,ue, and no ~uch t'sstH can be 
formed in the absence o' nitrog;en and certain mineraL•. Even the 
storage of fa,t in mature au im ,ls is attended with some destruction of old 
tissues and their renewal, so that some protein is nqnired in a ration .for 
any purpose; but the quantity necessary for this purpose will evidently 
be less than that required for the growth of young animals. 
F£EDii\G 8TAl"DARDS. 
The following tables give the feeding standards compiled by Emil 
Wolff, of Germany, and which are generally accepted as approximately 
the proportions in which the diff~rent food constituents may be used with 
best effect for the various purpo3tS Iw.mtd, the ''nutritive ratio" being 
calculated by multiplying the digestibl::J f:tt by two and one-half, adding 
this to the carbhydrates and dividing by the protein. The factor two and 
one-half was used by Wolff but later investigators prefer two and one-
fourth, as probahl•• more nearly correct. 
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TABLE XV.-WoLFF's FEEDING HTANDARDS. 
A.-Per Day and Per 1,000 Pounds L1ve Weight. 
Digestible fo d materials. 
Total Nutritive Fuel organic ratio. value. matter. 
Protein. Carbhy· Fat. drates. 
--------
Pounds Pounds. Pounds. Pounds. Calofiu. 
Qxen at rest in stall. ....•..•••.•..•.•••••..•....•••... 17.5 0.7 8.0 0.15 1:12.0 16,8~ 
Wool sheep, coarser breeds ...................... 20.0 1.2 10.8 0.20 1: 9.0 2~,285 
Wool sheep, finer breeds ...............••........... 22.5 1.5 11.4 0.25 1: 8.0 25,050 
Oxen moderately worke41. .......................... 24.0 u 11.3 0.30 1: 7.5 24,260 
Oxen heavily worked ................................. 260 2.4 13.2 0.50 1: 6.0 81,126 
Horses moderately worked ..............••••.•... 22.1i 1.8 11.2 0.60 1: 7.0 26,712 
Horses heavily worked .............................. 25.5 2.8 1U 0.80 1: 5.6 83,608 
:Milch cows .......................................•••••...... 24.0 2.6 12.6 0.40 1: 5.4 29,590 
Fattening steers: 
First period .......................................... 27.0 ·u 16.0 0.50 1: 6.5 84.660 
second period .•..• , •.•••..•...••.................. 26.0 1.0 14.8 0.70 1: 5.6 86,062 
Third period ............••.••...•.•••.••••••••...... 25.0 2.7 14.8 0.60 1: 6.0 85,082 
ht~:~::::;ce:.: ..•.......•.•........................... l Z6.0 3.0 1M 0.50 1: 6.5 85,962 
Second period .........................•.•••..•..... 25.0 8.6 1U 0.60 1: 4.6 85,826 
J'attening swine: 
First pzriod ..•.•.•.•........................•..•..... 36.0 5.0 27.6 1: 5.6 60,450 
Second period ..........................••.•........ 81.0 4.0 24.0 1: 6.0 52,080 
Third period ......................................... 23.6 2.7 17.1; 1: 6.6 87,570 
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B.-l't:7' Dav ond l'e1· IIwd. 
i li lhgestible food msterials.j' ----- ·r= 
1
.\ 1;~c g(_-' Tottd Sntritn·( I Fuel 
wc:-igJH organw -~ ratio value. 
n, . mottler. 1 I , 
I per cau . Carbohy-1 I 
---- ___ I ~~tem. I dra:es'. :__:~ __ I ___ ! ___ _ 
I I I I I I ~~ Pnnnck Pound.'. Pounds. I Pou11ds ' Pounclc<. 1 i Colories. 
I I : I 
2 +.0 3 months .................. l 150 8.3 0,6 'I 2.1 0 80 'I 1: 4.7 I 
Sto6months .................. 1 BOO 7.0 1.0 4.1 D.30 1:5.0 
6 to 12 months ................. , 500 12.0 1.3 6.8 0.:10 i 1: 6.0 1 
12 to 18 months ............... , 700 16.8 1.4 9.1 0.2-i I l: 7.0 
Growing c~tttl<e: 
Age-
5,116 
10,750 
16,332 
20,712 
2~.809 18 to 24 months ............... , 800 20 4 1.4 10.3 0.26 1: 8.0 
Growing sheep: 
Age-- I 
5 to 6 months .................. , 56 1.6 0.18 0.87 0.015 1:5.5 2,14f 
6 to 8 months ................. ! 67 1.7 0.17 0.85 0 010 1: 5.5 2,0GO 
8 to 11 months ................. I 7.5 1.7 0.16 0.85 e.o,;7 1 : 6.0 2.0~[) 
i 
11 to 15 months .............. 1 82 1.8 0.14 0.89 O.tlf::2 1: 7.0 2/51 
15 to ~0 months ............... I 85 1.9 0.12 0.88 O.Q2.? 1: 8.0 1,966 
Growing fat s·winE·: 
Age-
2 to3 months ................ : 50 2.1 O.S3 1.50 1: 4.0 S,4c'f 
3 to 5 months ................ 100 3.4 0.50 2.50 1:5.0 b,58D 
5 tv i3 mm;.th'3 ................ 
i 
125 3.9 0.54 2.96 1: 5.5 6,510 
6 to 8 mo!ltbs .................. j 170 4.6 0.58 8.47 1: G.O 7,na:~ 
8 to 12 nh)nth~ ..... 250 52 062 4.05 I : 6.& 8,68€ 
The digest.lble nutrients consumed per day by the average steer in 
our feeding :cXp?riment were as fullnws: 
Total dry subatsnce .......................................................... . 21.2 }>OUnds. 
Protein ............................................................................. . 2.13 ,, 
Carbhydrates .................................................................... .. 11.00 " 
Fat ................................................................................. .. 0.75 " 
Nutritive ratio.. .......................................................... ...... 1: 6 
Calories ............................................................................ 27,5t~8 
As the average weight of our steerH was considerably over 1,000 
pounds, it will be seen that their recorded daily consumption of food wae 
much less than that estimated in the Germ~m calculations, and it is not 
at a.ll probable that enough straw was eaten to make up the difference. 
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COMPARATIVE VALUE OF FEEDING STUFFS. 
1.-NUTRITIVE VALUE. 
Of all feeding stuffs used in Ohio it is probable that the price of none 
is governed so exclusively by its intrinsic value as a food for animals a.s 
is that of corn. The soil and climate of this State give to this plant its 
most perfect development, and long experience has demonstrated its 
value as a food for all kinds of animals. It is used to a comparatively 
limitei extent as a source of human food, or in the production of liquors, 
and its value is fixed, not by the price in Liverpool, as in the case of 
wheat, but by the local supply and demand. Its annual product in Ohio 
exceeds in wtight of grain that of all other grain crops, and its cured 
stalks and leaves nearly equal in weight the annual hay crop of the 
Slate. 
The average price of corn in Chicago, since 1880, has averaged about 
45 cents per bushel. It is worth ab:JUt as much at the average shipping 
points in Ohio as in Chicago, and it can be taken from the !arm to this 
average !:'hipping point for less thr.n five centa per bushel. 40.8 bushels 
of corn will make a ton of unbolted meal, deducting one-eighth for 
grinding. It seem~, theref,)rc, that $1G.CO per ton may be aEsumed as a 
fair average price for corn me:tl on the Ohio farm, the expense of hauling 
to and from the mi.ll not greatly· exceedir•g that of hauling to the ship-
ping point, and being partly eompfmsated by lower tolls in some sectionf:l 
ttnu by hom8 grinding on many farm;;, 
Of the feeding Ftufrs which are wlatin:ly rich in protein, wheat bran 
is undouht:'.tlly tho one most. us:.d on Ohio farms. l\hde at many L undreds 
of millR, ecat.tored over the [~tate, it is within easy reach of every farmer. 
Its averggt' cost on th<J farm is probably r;ot far from S :5 per ton.* 
On the basis of the.~e va]uaUoas we mtlke the follo·:,ing comparison 
of the relative cost of digestiblf) protein on the one hand and of digestible 
earbhydrates and fat on the other in these standard fe<:di.ng stutfs, the 
fat being reduct d to its starch fquivaleut by multiplying by two and one-
quarter: 
*The avi'<og<' price~ of No.2 yellow corn and wheat bran in the Pitt,bn>g m!\rket for the yea:r 
1894 w2re 49 cents per bushel, and $14.88 per ton. Deducting freight, the ,e,ltle of corn would bill 
About 44 cents at the average shipping po!J,t. The wholesale price of bran in Pittsburg is pr:ob&b!J' 
not far from the retall cost to the farmer, by the time it re~tchcs his f<~rm. 
UHlO EXPElUMEJ'-11' i:i1'ATIO:S. 
= 
Feed. 
·<'orn ........................................ , ............ .. 
·Wheat bran ............................................. .. 
Di.gestible c·ons:itnents. 
Prolein 
Per cent. 
7 92 
12.01 
Carbhydra•e,, 
Per cent. 
76.32 
47.69 
Cost per 
Ct-ntaJ. 
Cents. 
80 
75 
It appears from this comparison that 100 pounds of bran contain 
&b~ut 62~ per cent. of the carbhydrates and equivalent fat found in corn. 
We may therefore reduce both fteds to the same carbhydrate basis by 
multiplying the corn constituents and price by .625, as follows: 
iOO pounds bran, costing 75 cents, contains 12 01 pounds prvtein and 47.69 pounds 
arbhydrates. 
{32~ pounds corn, costing 50 cents, contains 4.95 pounds protein and 47.69 pounds 
-earbhydutes. 
Difference in protein, 7.06 pounds, costing 25 cents. 
From which we find that, on the basis of this comparison, the pro-
tein .in these feeds costs 3 55 cents per pound. By the same method we 
>tind the ·Cost of the carbhydrates to be about 0 68 cent per pound. 
2 -MANURIAL VALUE. 
In addition to thfse nutritive values, our animal feeding stuffs have 
-an incidental, but by no means unimportant value as sources of fertility; 
a.nd indeed some of them, as cotton-seed and linseed oil meals and whea,t 
bran, may sometimes be merl dirEc~ly for this purpose, in com petition 
with the ordinary fertilizers of commnce: For instance, the Connecticut 
•Experiment Station, which was the first fertilizer control station in 
America and has given most careful study to this question, says, in its 
.eghth annual report: 
"Attention is again called to the merits of Cotton Ser.d Meal as a fertilizer. It is 
6e cheapest supply of available organic nitrogen now in the market. Experience 
4emonstrates that it is very prompt to act and quite odorless. lts use as a fertilizer 
.nems to be mostly confined to tobacco, but it is equally valuable for other crops, and s.t 
,present rates deserves to be used extensively, to replace the higher priced nitrogen of dried 
ifelGOd, tankage and ground bone." 
Analyses made by the Connecticut Station show th?.t nitrogen may 
•0. purchased in cotton-seed meal at about 15 cents per pound (equivalent 
eo 12i cents for ammonia), making due allowance for the phosphoric acid 
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41.nd potash contained in the meal, these being valued at five cents and 
four and one-half cents per pound respectivley. 
On the baE"is of these valuationfl, we have compiled from Table XIII 
and Table XVI which follows, a table showing the fertilizing constituents 
contained in one ton of some of the more common feeding stuffs; the 
manurial value of the e :ertilizing constituents; the feeding value, calcu-
lated as has been shown, and the average market value in 1894, as nearly 
,as can be estimated from data at hand: 
TABLE XV.-CoMPARATIVE VALUES oF FEEDING STUFFs PER ToN OF 2,000 PoUNDs. 
Fertilizing constituents 
per ton. Manurial Feeding Market 
Feeding stu !I'. value value value 
Pho•- per ton. per ton. per ton. 
Nitrogen. phoric Potash. 
aeid. 
------------- ------ ------ ------
---
-&reen fodder: Pounds. Pounds. Pounds. 
Corn fodder '(average all varietiee) 8.2 8.0 66 11.66 12.54 
Timothy grass, at different stages ... 8.6 8.2 15.2 2.84 5.08 
H-ungarian grass .............................. 9.6 5.2 15.2 2.09 859 
Red clover ....................................... 106 26 9.2 2.11 4.40 
Cowpeas .......................................... 5.4 2.0 6.2 1.17 2.86 
Corn •ilage ....................................... 56 2.2 7.4 1.27 2.42 
Corn silage, mo_re mature .............. ............................... ............... 3.25 
H&:r, and dry, coa•se fodder: 
Corn fodder,' field cured .................. 85.2 10.8 17.8 86.57 S6.82 
Corn stover• .................................... 20.8 5.8 28.0 4.60 6.17 
Hay from timothy (all analyses) ... 25.2 10.6 18.0 6.09 8.48 8$8.46 
Hay from Hungarian grass ............. 24.0 7.0 26.0 5.05 10.64 
Hay from red clover ........................ 41.4 7.6 440 8.46 10.00 
Hay from cowpens ........................... 
··············· 
............... 13.25 
Wheat straw .................................. 11.8 2.4 102 2.32 5 47 
Rye straw ......................................... 9.2 5.6 15.8 2.83 6.44 
• Oat straw ...................................... 12.4 40 24.8 S,ll 7.00 
Roots and tubers: 
Potatoes .......................................... 4.2 H 5.8 $1.00 83.02 
Beets (red) ....................................... 48 1.8 8.8 1.18 2.08 
Mangel-wurzels ............................... 8.8 1.8 7.6 .98 1.41 
Turnips-.......................................... 8.6 2.0 7.8 .97 1.49 
Clrains: 
Corn (ave'ge of dent & flint) ground 36.4 14.0 8.0 f6,50 I16.CO 816.00 
Oats, ground .................................... 41.2 16.4 12.i 7.52 14.42 •21.42 
'Entire plant. •Fodder, without grain. 'Average farm price of hay In Ohio, Dceember 1, 
liN, as reported by U. i!. Department of Agriculture. •Average price In Chicago, 30c per bushel 
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TABLE XV-Conclnded. 
Fertlllzing constituents 
per ton. 
'danurlal Feeding Market 
Feeding stuff. -------,-------- value value value 
per ton. perton. per ton. Phos-
Nitrogen phoric Pota•h. 
acid. 
------------- -------- ---- ---------
Graius-Conr,luded: Pound,.;. 
Wheat (all varieties) ground ........... 47 2 
Rye, ground ..................................... 35.2 
By-prodntts, etc.: 
Corn and cub meal .......................... 28.2 
Gluten meal ................................... 100.6 
Wheat brxn (all analyses) ............... 53.4 
\\'lii'Ht middlings ............................ ~2.6 
Whe"t flonr ..................................... 
Hominy feed ........................•......... 82.6 
CottorHeed m<al ............................. 147.0 
LiHseed oil meal, old proresR ......... 108.6 
Lin~~ed L•il meal, ne·!s proerss ........ 1156 
----------------· 
Pounds. Pomlds. 
16.6 11.4 
16.4 10.8 
11.4 I 9.4 
6.6 
I 
0.1 
57.8 82.2 
190 12.6 
I 
.. .... ~~:~""1""""""'~~- .. 
51.8 36.0 
83.2 27.4 
366 27.8 
88.36 
6.56 
85.20 
15 43 
12.27 
9.37 
6.28 
I 
26.26 
19.11 
I 20.35 
$17.19 
16.37 
513.12 
27.03 
15.12 
17.36 
16.77 
14.88 
32.37 
27.Q<l 
25.58 
$520,oct 
18.45 
$18.04 
18.00 
15.00 
16.70 
26.'20 
'26.79 
18.00 
~). (!IIJVit ctlt 1.0 [).:_~/::>(:· p~r bl. fll'cl. ~·Avt roge price of low g ade flour at Pittsburg for 189,. 
1A\', .. THge !Jiil_t' HL IllilJ,s ft,T don:et-tiC t:-,aJcs fvr y~ar evdi!Jg July 31, 16!J4 
The manurial value, as given in Table XV, is based upon prices 
much low• r thitn those at whieh ecmnnercial fertilizers are ordinarily sold 
at retail, tilnvg'1 it is possible t<> purchase nitrogen, phosphor·c aeid and 
put'l''h in their eh,a:Y st !orms at thc'rse rates. A similar valuation would 
rate barnyard manure at about two dolhrs per ton, whereas its v:ilue, as 
eomp.:red with the average prices of mixed fertilizers in Ohio, is nearly 
three d• ·liars pH ton . 
. It should be understood that. neither the manurial nor feeding values 
are given as ab~olute val~ea. What they mean i.~ that, at the average 
market prices of totandar 1 !ertilizer:-~ and ft:eding material,;, the various 
feeding ~tuffs are worth tbe price.3 given. as compand with each other, 
no allowance being made lor relative convenience in handling nor for 
adap1abillty to special purpo:'etJ. 
It will bo dlt<trved that in many cases there is a very cl0se agree-
ment lH,tween the calculated feeding va}ue and the market valu;-. Corn 
silage baR no market. value, not being a material suitable for handling, 
but, its calculated value corresponds very clost ly to the estimated value, 
deduced from the :r,;sults of our finlt feeding experiment, the silage used 
in that. test being a little better, perhaps, than the first sample quoted in 
the table, but not equal to the second. 
~ .. EDl~G FOR BEEF 
The market v,due of dover hay is considerably lower than that of 
timothy; but i•s aetu,..J L edi•·g value i.,; undoubtedly h:ght<r. This is 
because of the prPjudica again~t clo\·er hay as a f~Ced tor 1l1JrS! s. Those 
who have fed perfectly cured clover bay know that this prPjud:ce is due 
to the great difficulty in curing clover hay in our climate, and not to any 
defect in the clover itselr'. When properly cured it ia as valuabl~;~ a feed 
for horses as fur any other animals. 
The values given to the straws in thi.s comparison may seem high; 
but it must be remembered that all these valuations are bas~::d upon the 
effect of rations made up of different foode, bearing to each other the 
proportions best adapted to complete digestion. If straw were fed alone 
it would show no such value as that given, but when fed in small quan-
tities and in connection with other foods giving the proper balance to the 
ration it is probably worth the price indicated, in comparison with other 
foods, and this is as true of all the other feeding stufl3 as of the straw. 
The values given to roots and potatoe3 will probably Eeem low; but 
these values are in harmony with the results of extensive feeding expni-
ments, made at this Scatioa. Attention is called again to the f.ct that 
turnips and mangelH cont~in a larger percentage of water than does milk, 
while the relative proportion of protein is much small;-r than in milk. 
They may have a hvgienic value, similar to that of Jruits a11d vegetable~ 
in human diet, but this has not b~·en demon:'trated by experinHnt 
The market value of oats is much higher than the theor~etical value; 
but ihe price of oats is governed by the reputation it h'ls made aB a food 
for horses, by its comparatively large use in human Jood, and by its rela-
tive cost of production. While the average price of corn in Chic.;go ha,; 
averaged 45 cents per pt,nel, or 80 cents percental of shelltd grain, tb:J', 
of oats bas aver;Jg;·d 30 cents pt:r bw;hel, or 84 cents percental. But the 
average yi·:ld ot corn in Ohio is about 32 bushels, or 1,7D2 pounr1s nf 
sht-lld grain per acre; that of oats for the 10 year~:', 188~)-92, was 27.7~:'> 
bu8hels, or 8'i7 p·1unds of grain per acre; the actual wf:ight of grain per 
acre being tht:rdf rc less tr1.an half as much in the caEe ot oats as in that 
of corn. The a\'erage aere of oats in Ohio has tl.crdore been wr rl,h, at 
Chicago priee", $S 32, while that of corn has been wurth $14.40, emitting 
the st1 aw and foddtr Jrom the calcu!a1 ion. It. is true that tbe acre of 
oa's may be produced more cheap:y than the acre of corn; but th1" (1 ffer-
er:ce in market value here indicated is certainly greater than the d ilerence 
in cost of J.iroduction, and oais would hardly be raiE,ed, in most parts of 
Ohio, except for it~ u,·efulne's in a gent:ral system ot crop ro:aci'm 
Among the bv-produets, the market price of gluten meal and new 
process linseed oil meal is seen to be very much below thtir theor~tical 
value, which m11y be explained by the fact that theEe are comparatively 
4:-i UH10 EX.PEJ:tlM.l!:JS'l STATlON. 
new feeding stuff:>, and farmtrs have not learned to use them generally. 
In our feeding experiment, as bas b:·en !!.'ready stated, we found no 
ground for rating gluten meal lower than old process linseed oil meal. 
We have not made a thorough comparison of the two kinds of linseed 
meal, nor of cotton-seed meal. 
Finally, it will be observed that this table is simply an attempt to 
compare animal foods on the basis of their average nutritive constituents, 
valuing these according to the best d~ta at present attainable; data which 
it is hoped may b~ great.ly improved upon in the near future. No attempt 
is made to estimate those factors of final value which are due to relative 
cost of handling (as between corn fodder and hay), to adaptability ~o 
Fpecial purposes, or to established prejudices. These factors, as well as the 
further point that a feeding stuff can only produce its full effect when 
fed in a ration adjusted to the physiological requirements of the animal, 
must be kept in mind in the use of the table. 
APPENDIX. 
The average composition of the principal materials used in feeding 
animals is shown in Tables· XVI and XVII. Table XVI is compiled from 
tables originally prepared by Profe:~sors Jenkins and Winton, of the C<,n-
necticut Experiment Station, and revised by Dr. E. \V. Allen, of the Offiee 
of Experiment Stations, U. S. Department of Agriculture, and Table XV 11 
is given as compiled by Mr. W. H. Beal, of the Office of Experiment 
St1t-ions. Both tables are intended to show the average c<..mposition, as 
derived from the most trustworthy analyses, American analyses being 
used wherever practicable. 
TABLE XVI.-AVERAGE COMPOSITION OF FEEDING STUFFS. 
Nltro~ten Num-Pro· ber of Water. Ash. tein. Fiber. free Fat. anal:r· extract. su. 
---------------
GREEN FODDER. Per ct. i er ct. Perct Per ct l'er ct. Per ct. 
Corn fodder: 1 
Flint varieties ....................................... 79.8 1.1 2.0 4.3 12.1 0.7 (0 
Flint var. cut after kernels ba.d glazed .. 77.1 Ll 2.1 43 14.6 0.8 11 
Dent varieties ......................................... 790 1.2 1.7 5.6 12.0 0.5 II 
Dent var. cut after kernels had glazed ... 73.4 1.5 2.0 6.7 15.5 0.9 
' 
'Corn fodder is the entire plant, usually a thickly planted crop. Corn etover i1 what is left after 
the ears are harvested. 
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. t lll. Fiber 
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free 
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Fat. 
49 
Num-
ber of 
analy-
SC!S. 
GHEE~ FODDER -('oncluded. 
-'--- ------------ ---- ---
J•er ct I Pu ct Pel' ct Per ct Per ct. Pa ct ---
Corn fodder-Cone uded: 
Slveet varieties....................................... 79.1 
All varieti s............................................ 79 3 
Leaves and hu•ks, cut green.................. 66.2 
Stripped stalks, cut green....................... 76.1 
Rye fodder................................................... 76 6 
Oat fodder..................................................... 62 2 
Redtop,' in bloom......................................... 65.3 
Tall oat gra",2 in bloom............................. 69.5 
Orchard g·ass, in bloom.............................. 73.0 
Clfeadow fescue, in bloum............................. 69.9 
ft,,)ian rye grass, coming into bloom........... 73.2 
Tirnotby,a at different stages........................ 61.6 
Kentucky b1ue gras."l,"' at different .stages ... 135.1 
Hungarian gr.'s .................. ....................... 71.1 
R•.•d clO\·er,at different. stages.................... 708 
Alsike clover.' in bloom.............................. 74.8 
Crimson clover ..... . ........ ........ . .................. 80.9 
A:t .!fa,• at dilf.-rent stage,.......................... 71.8 
Serrsdclla, at (~ifferent stages....................... 79.5 
•:owp<•a.......... ............................................. 836 
''jot be,1n..................................................... 75.1 
Horse bean................................................... 81.2 
F!a• p>'a (Lathyrus syl1'estris) ....................... 66.7 
R~tpe ............................................................ . 84.5 
SILAGE. 
Corn silage................................................... 79.1 
Sorghum silage............................................. 76.1 
Red cl .. ver silage......................................... 72.0 
Soj< bean •il•ge ............................... ........... 74.2 
Co,vpea vine s,lage................................. ..... 79.3 
l"i€l<lpea viue silage................................... 50.1 
S!la!le of mixture of cowpea vines and 
soja bean viues.. ..... ........ ........................... 69.8 
13 
12 
29 
0.7 
1.8 
2.'i 
2.3 
2.0 
2.0 
1.8 
'2.5 
2.1 
2.8 
1.7 
2.1 
2.0 
1.7 
2.7 
3.2 
1.7 
2.6 
1.2 
2.9 
2.0 
1.1 
2.6 
2.8 
2.9 
3.5 
4.5 
1.9 
1.8 
2.1 
0.5 
2.6 
3.4 
2.8 
2.4 
2.6 
2.4 
3.1 
31 
4.1 
3.1 
44 
39 
31 
4.8 
2.7 
24 
4.0 
2.8 
8.7 
2.3 
1.7 
0.8 
42 
u 
2.7 
6.9 
8.8 
4.4 
1;.0 
8.7 
7.3 
11.6 
11.2 
llG 
9.4 
8.2 
108 
6.8 
11.8 
9.1 
9.2 
81 
7.1 
5.2 
7.4 
5.4 
4.8 
6.7 
4.9 
79 
26 
6.0 
6.4 
8.4 
9.7 
6.0 
13.0 
9.5 
12.8 
12.2 
19.0 
14 9 
6.8 
19.3 
17.7 
15.8 
1.1.3 
143 
13.3 
20.2 
17.6 
14.2 
13.5 
JLO 
8.4 
123 
8.6 
7.1 
106 
6.5 
12.2 
8.4 
11.0 
15.3 
11.6 
69 
7.6 
26.0 
11.1 
0.5 
0.5 
1.1 
0.5 
0.6 
1.4 
0.9 
0.9 
09 
0.8 
1.3 
1.2 
13 
Q.7 
1.1 
0.9 
0.7 
1.0 
0.7 
04 
1.0 
OA 
16 
0.5 
0.8 
0.3 
1.2 
2.2 
1.5 
16 
1.3 
21 
126 
21 
56 
18 
14 
43 
4 
23 
10 
27 
2 
2 
99 
b 
2 
1Rerd'' gra•s of Pennsylvania. •Meadow oat grUI. 1Herd'agrua of New England and New York 
'Ju•ae grass. •dwddi•h clover. •Lncern. 
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TABLE XVI-Continued. 
Nitrogen 
We.t<lr. Ash. Pro-tein. Ftbor. frt·e Fat. 
-------------·----·----
HAY AND DRY COARSE FoDDER. I Pt"r ct. Per ct. Per ct Per ct 
Corn fodder,' field <:urcd .............................. 1 41.2 2.7 4,; H 3 
Corn leave''• field cured .............................. ~ 30.0 ·5.5 6.0 21.4 
Corn husks, field cured............................... W.9 L8 2.5 15.8 
Corn stalks, field cured .. ........... .................. GH..! 
Corn stover," field cured.............................. 40 5 
Hay from: . I 
Redtop,' cut at dJU"ercnt st,ges ............. 1 8.9 
Redtop, cut in h'ioom ............................. : 8.7 
• I 
Orcha.rd g:·a2s ......................................... I 9.9 
Timottly." nll analyi'cs .....................••... ! 13.2 
Timothy, em in full bloom ................... [ lo.O 
Tillh11.by' en t :-,(,on ltf(,>'l' o:o·-·1""1.. I 14..'2 
Tim~·, thy, cut whi'!l IL'arly t ipl" ............ 1 11.1 
I 
Keutneky :.ll.lH~ gr11.S''i .. ., ....................... .,. i 112 
I 
Cut wlh'-:l :-eed WF<.~ in milk .................... : 'l4A 
: 
Cut wh:;•:u. :-:eut W<tS ri;;:: ................. ._ ..... ' '27.~ 
J:I.nngHria:'i gra~s .••• ,. ........................... . 
~~c->d ,\y f,·:-:ctle ...................................... . 
Ittdh~n ry ;~~·-:.;;;i::i ................................. . 
l\Ilxt d grrth':.{ s .................................... . 
Mix d ::; a.'iH::':-' nud clovers ., ................. . 
S\\~anlp ba.y ......................................... .. 
Salt rn ·tr-;-.b .......................................... . 
Red e:over ......................................... . 
77 
:20/1 
:f).:') 
1:!.9 
116 
10.4 
Red clover in bloom .............................. ! 21·.~ 
A~~ikt~ clover ....................................... . 
V\'l1itc elover ................................ .a ...... . 
Cri111~on e~ovcr ..................................... , 
Japan ('}o •er ........................................ .. 
Vetch ..................................................... i 
! 
~:~~:~; ; i ; :: I 
9.7 
9.7 
1 .0 
lU 
9.2 
8.4 
10.7 
11.3 
1.2 
34 
4.9 
G.O 
4.0 
1.7 
6.2 
(i.6 
8.:l 
1--.3 
86 ! 
s;; 
79 
7:2 
7.4 
7.5 
72 
1.9 
3.8 
7.9 
b.O 
8.1 
5.9 
12.4 
12 8 
15.7 
15.2 
13.S 
17.0 
15 2 
14.3 
16 6 
11.0 
19.7 
3 ~-4 
:w.o 
'!:1.5 
2H.! 
~;u 
:.!3.0 
27:2 
'2"i.(} 
:.::. n 
2i.9 
'2/.Z 
24.0 
2l..G 
20.1 
2'.3 
extr~ct. 
Per ct. Per ct 
34.7 
35.7 
~b.3 
17.0 
31.6 
47.6 
4 '.4 
41.0 
45.0 
419 
4L6 
4:.7 
:l7.8 
3t::? 
49.0 
38.-1 
450 
42 1 
3J 4 
41.3 
4o.9 
41.1 
3'-l 
3 i.S 
4<!.7 
39.3 
3G G 
c.9 o 
:>6.1 
H2 
42 7 
f8 6 
1.6 
1.4 
0.7 
05 
1.1 
1.9 
2.1 
26 
2.5 
3.0 
3.0 
2.2 
3.8 
3.6 
3.0 
2.1 
2.7 
17 
2.5 
3.1 
2.6 
2.0 
24 
3.3 
4.:\ 
2.9 
29 
3.7 
23 
2.6 
2.2 
22 
5.2 
Nnm-
Ler of 
)i,Utily 
St'S. 
35 
17 
16 
15 
60 
10 
68 
12 
11 
12 
10 
13 
126 
23 
17 
10 
38 
21 
8 
6 
lEn tire p'ant. 2\Vhat is left after tho ear!'~. are hrtrvested. 3fferd's gnt;;s of Pennsylvania.. ifferd'• 
gras_.; of New Eug.aud £1.TI'1 New York. 5.:3econd f·-ut. fiLuet.·ru. 
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TABLE XVI-Continued. 
NitrogPn 
Water. Ash. Pro-tein. Fiber fre.e Fat. extuu·t. 
---,,------------- ------ --- ------ --
HAY A"'D DRY COARSE FODDER-Concluded. Per ct Fer ct. Per ct Pe.r6 ~"l.l Hay from-Concluded: , 
Flat pea ( L<!thyms sylvestris) .....• .•.••• .•... 8.4 7.9 · 22.1 
Pean·ut vines (without nuts)................. 7.6 
Soja-beau straw............................................ 10.1 
Horse-bean straw ........................................ . 
Wheat straw ....•... : ...................................... . 
Rye straw .....•........•....•..........••.••...•............. 
Oat straw ..................................................... . 
Buckwheat straw .....•••••••.............................. 
ROOTS AND TUBERS. 
Potatoes 
Swe(:"t pota.toes ........................................... . 
9.2 
9.6 
7.1 
9.2 
9.9 
78.9 
71.1 
Red beets . ..•...• .......•. ......... ......... ...... ...... ..... 88 5 
Sugar be<:ts ..... ..........•......................... ......... 86.5 
Mange: -"'·nrzels .......................................... . 
Turnips ....................................................... 1 90.5 
Ruta-bag-ns ............................................ ·····I 
Carrots ...................................................... . 
88.6 
8~.6 
Artich1 kcs ...... ............... .................. ...... ...... 79.5 
GIL-\I:S:-; ASD OTifLl{ :--LEDS . 
.Corr1 kernP] : 
Dt·.ut a:l r:.nq,1yf51::'S ............................... . 
Fii11 , ll HJntlyses ............................... .. 
Sn·,-t•t. a] 1 li!lll. y.-.e3 ............................. . 
f-'()p \'J i•:-\ ...................................... . 
8\Jft V>ll',• ti !-, """""'''''''" 
All nt 1 1\.-'t i,, •. , ar1d ana.1ys, s ................... . 
10 6 
113 
8.S 
lU.'i 
10 9 
Sorghum ~t:~·d......................................... .... ll.k 
Barley ........................................... ...... ....... 10.~) 
·Oats .••••.••.........•.••••••••••.....•••..•••••• .....•.•••••••. 1!.0 
Rye............................................................... l1 6 
Wheat, spring varif·ties 10.4 
V\1hcat, winter \"ariet.Jes. a~l analyse.~:;.......... 10.5 
Wheat, all vrtrieties........... .................... ..... 10 5 
Rice ...••••.•.•.•.•.•.•....••.••...•.•.•..•••••••.. :............... 12.4 
10.8 
5.8 
8.7 
42 
32 
5.1 
5.5 
10 
1.0 
10 
09 
11 
08 
1.0 
1.0 
1.5 
1.4 
1.9 
1.5 
lJ) 
"!.1 
;JO 
1.9 
1.9 
1.8 
1.8 
0.4 
10.7 
46 
8.8 
3.4 
3.0 
4.0 
5.2 
2.1 
15 
1.5 
1.8 
1.4 
1.1 
1.2 
1.1 
2.6 
10 3 
ll6 
11.2 
l\4 
10.,1 
9. ~ 
1"2 4 
11.8 
10.6 
12 5 
11.8 
11.3 
7.4 
236 
40.4 
37.6 
:58.1 
38.9 
37 0 
4:l 0 
0.6 
0.9 
tl.9 
09 
1.2 
1.3 
1.3 
08 
22 
1.7 
2., 
1.8 
20 
~1 
2.6 
27 
95 
1.7 
1.8 
1.8 
1.8 
0.2 
Per ct. 
31.4 
42.7 
37.4 
313 
43.4 
46.6 
42 4 
~4.7 
5 .. ~ 
62 
75 
7.-6 
15 g 
70.4 
70.1 
65.8 
6cl.6 
70 2 
69.6 
w.s 
6~l8 
59 7 
7 2.5 
712 
no 
71.9 
79.2 
Per cf;. 
32 
1.7 
1.4 
13 
1.2 
23 
13 
0.1 
0.4 
0.1 
0.1 
02 
0.2 
0.2 
V.4 
0.2 
50 
H.l 
52 
5.5 
5.4 
36 
1.8 
5.0 
1.7 
2.2 
2.1 
2.1 
0.4 
51 
'\'"um-
ber of 
u.ua.ly-
seM. 
5 
6 
4 
12 
3 
12 
9 
19 
7 
86 
68 
26 
208 
10 
10 
30 
13 
262 
310 
10 
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TABLE XVI-C,mtinued. 
Water. Ash. Pro-teiu. 
~ltrogen 
Fiber. free F>tt. 
ex.ract. 
Nnm· 
ber ot 
analy-
ses. 
-------------------------- ------
GRAINS AND OTHKR SKEDS-Concluded. Per ct Per ct. Per ct. Per ct 1 Per ct. f'er ct 
Buckwheat ......................•........................... 
Sunflower seed (whole) ............................... . 
Cotton seed, whole (w1th hulls) ................. . 
Cotto:t.-seed kernels (without hulls) .......... .. 
Cotton seed, whole, roasted ......................... , 
Peanut kernel (without hulls; ................... . 
1~.6 
8.6 
10.3 
6.2 
61 
75 
Horse bean ............ ....................................... 11.3 
Soja bean ..................................................... . 
Cowpea .......... ~;~::·:~~~~-~~~_ ....................... 
1 
Corn meal.. ............................................... . 
Corn and cob meal.. .................................. . 
10.8 
14.8 
15.0 
15.1 
Oatmeal ....................................................... 7.9 
Barley meal .................................................. 11.9 
Rye flour...................................................... 13.1 
Whc·at flour, all analyses............................... 12.4 
Buckwheat flour.......................................... 14.6 
Ground linseed ............... ............. ............... 8.1 
Pea meal .................................... ................. 10.5 
Soja-bean meal............................................. 10 8 
Ground corn and oats, eqn•l parts ............. ! 11.9 
WASTE P.RODCCTS. 
Corncob........................................................ 10.7 
Hominy r·hops ............ ................... .... ....... 11.1 
Corn germ ................................................... 10.7 
Corn-germ meal........................................... 8.1 
Gluten meal.................................................. 8.8 
Recent analyses...................................... 8.2 
Chicago• ..... .................. .................. ........ 10 1 
Buff~lo• .................................................. 8.2 
Cream gluten ........... ................................... 8.1 
Gluten feed ........... M..................................... 7 8 
Bnfflilo•......... .................. ...... ...... ...... ..... 7.7 
Pope's .................. ................................... 14.0 
Peoria• ................................................ . 7.6 
' Including fiber 
• Included in above average. 
2.0 
2.6 
3.5 
4.7 
55 
2.4 
3.8 
4.7 
3.2 
u 
1.5 
2.0 
2.6 
0.7 
0.5 
1.0 
4.7 
2.6 
4.3 
2.2 
1.4 
25 
4.0 
13 
0.8 
0.9 
1.1 
08 
0.7 
1.1 
1.1 
06 
0.8 
10.0 
16.3 
18.4 
31.2 
16.8 
27 9 
26.6 
84.0 
20.8 
9.2 
8.) 
14.7 
10.5 
6.7 
10.8 
6.9 
216 
20.2 
36.7 
9.6 
2.4 
9.8 
9.8 
11.1 
29 7 
29 3 
301 
233 
36.1 
24 0 
25.0 
333 
198 
87 
29.9 
282 
3.7 
204 
7.0 
7.2 
4.~ 
4.1 
1.9 
6.6 
0.9 
6.5 
OA 
0.2 
03 
73 
14.4 
4.5 
301 
3.8 
4.1 
9.9 
2.2 
3.3 
1.6 
6.1 
1.3 
53 
5.3 
1.6 
8.2 
61.5 
21.4 
24.7 
17 6 
23..5 
15.6 
5U 
28.8 
557 
68.7 
64.S 
67.4 
66.3 
78.~ 
75.0 
27.9 
51.1 
27.3 
•n.o 
54.9 
64.5 
64.0 
625 
4:1.8 
465 
48.7 
50.1 
89 Q 
51.2 
49.3 
86.5 
51.1 
2.2 
21.2 
19.9 
36.6 
27.7 
39.6 
1.0 
16.9 
1.4 
85 
7.1 
2.'2 
o .. ~ 
1.1 I 
l 4 
30.-t 
u 
16.2 
41 
0.5 
8.3 
7.! 
7.1 
8.7 
118 
SA 
11.2 
14.8 
106 
116 
14.1 
12.6 
77 
1& 
12 
3 
6 
5<6 
20 
& 
li-
s 
11 
fi. 
l 
l<'EEDING FOR BEEF. 
TABLE XVI-Concluded. 
. I IN-.~~-
Water. Ash. tie)~~~ Piber. Nl~~~gm) Fat 1 iJe' · f 
ext1act. 1 ! 1H~tl 1 ~-
J J oes 
-------------l-1-· 
wASTE PRODUCTS-Concluded. Per ct. Per ct. Per ct. Per ct. Per ct. j Per ct I 
Chicago maize feed ................................ ...... 9.1 0.9 22.8 7.6 52.7 j 6.9 
Glucose feed and glucose refuse.................. 6.5 1.1 20.7 4.5 56.8 I 10.4 
Dried starch feed and sugar feed................. 10.9 0.9 19 7 4.7 54.3 1 9.0 4 
Starch feed, wet............................................ 65.4 0.3 6.1 8.1 22.0 j
1 
8.1 
Oat feed ........................................................ 7.7 3.7 16.0 6.1 59.4 7.1 
Barley screenings......................................... 12.2 
Malt sprouts ................................................ 10.2 
Brewers' grains, wet .............................. ..... 75.7 
Brewers' grains, dried ................................. 8.2 
Grano gluten ............................................... .. 5.8 
Rye bran ........................... ........................... 11.6 
Wheat bran from spring wheat..................... 11.5 
Wheat bran from winter wheat.................... 12.8 
Wheat bran, aU analyses.............................. 11.9 
Wheat middlings ......................................... 12.1 
Wheat shorta .............................. ,: .. ···........... 11.8 
Wb.eM. ollt'eenings .......................... ..... .......... 11.6 
~ice bran....................................................... 9.7 
Rice hulls..................................................... 8.2 
Rice polish.................................................... 10.0 
Buckwheat mid<:l.J~ags ................... ........ ..... 13.2 
Cotton-seed J>;.eal.......................................... 8.2 
Cotton-~eed hulls......................................... 11.1 
Limeed meal, old process............................. 9.2 
Linseed meal, new process........................... 10.1 
Peanut meall................................................ 10.7 
Peanut hulls .............................................. . 9.0 
8.6 
5.7 
1.0 
8.6 
2.8 
3.6 
5.4 
5.9 
5.8 
8.3 
4..6 
2.9 
10.0 
13.2 
6.7 
4.8 
7.2 
2.8 
5.7 
5.8 
4.9 
3.4 
12.3 
23.2 
5.4 
19.9 
31.1 
14.7 
16.1 
16.0 
15.4 
15.6 
14.9 
12.5 
12.1 
3.6 
11.7 
28.9 
42.3 
4.2 
32.9 
33.2 
47.6 
7.3 
10.7 
3.8 
11.0 
12.0 
3.5 
8.0 
8.1 
9.0 
4.6 
7.4 
4.9 
9.5 
35.7 
6.3 
4.1 
5.6 
46.3 
8.9 
9.5 
5.1 
61.8 
48.0 
12.5 
51.7 
33.4 
63.8 
54.5 
53.7 
53.9 
60.4 
56.8 
65.1 
49.9 
38.6 
58.0 
41.9 
23.6 
33.4 
35.4 
38.4 
23.7 
15.1 
2.8 
1.7 
1.6 
5.6 
14.9 
2 
15 
3 
2.8 7 
4,5 10 
4.0 7 
4.0 88 
4.0 32 
4.6 1~ 
8.0 10 
8.8 5 
0.7 3 
7.3 4 
7.1 8 
13.1 35 
2.2 20 
7.9 21 
8.0 14 
8.0 2.480 
1.6 5 6.6 I 64.3 , 
Whole :i::K.~-~-~-~~~-~~-~~-~-~~-~~~~:............. 87 2 0.7 S 6 1 ............ 1 4.9 8.7 793 
96 >3kim milk cream raised by settiug ............ 90.4 0.7 3.3 .......... 1 4.7 0.9 
Skim milk, cream raised by separator......... 90.6 0.7 3.1 ............ 1 5.8 0.3 
Buttermilk................................................... 90.1 0.7 4.0 ............ \ 4.0 1.1 
Whe_y_ .._ ... _ .. _ ... _ .. _ ... _ ..._ ... _ .. _ •._ ... _ .. _ .. _ .._ ... _ .. _ .._ ... _ .. _ .. _ ... _ .. _ .. _ .. _ ... _. __ 9_3_.8....:_ __ o._4 -~-==---5-.1--0_._1 ~ 
'Mostly: CUf\'?ean analyse~, 
4* ~X. ST. BU~.GQ 
85 
46 
54 OH~o JIIXPERUi.lilbiT liTA1'10.\'. 
TABLE XVII.-FERTILIZING CoNUITtJBNT§ 5~· AMERICAN F'EEDING STtfF:Fg, 
------- Nitrog~~~ ----Phos-Moisture Ash. phoric Potash. 
acids. 
----
---------- ---
GBII:Bl'l FODDBB8, 
t:em fodder .... ,,,,,,, .. , ..... , .. ,,,,,, .. ,, ........................ ~:~~&ll!ob•••· 'a.fi1 4.8~ (),41 o.Iil o.!l8 
Common millet ........................ ~~ ... ,~, ......................... 62.58 0.81 0.19 0.41 
Bul!garlan erus ( ~ tnllldj ..... " .......................... 74.11 O.Bt 0.16 0.56 
Orchard gran (Dactylls glomerata) ............................ . 73.14 2.011 0.43 ilift 0.71i 
Ttmoth;r grass (Phleum pratense) ................ .,. ............... 66.90 2.15 0.48 0.26 0.,6 
lllllled pa.sture gr&sses .................................................. 63.12 8.27 0.91 0.28 0.75 
Red clover ( TtifoUtt~~t ~J'I'ateme) .................................... 80.00 0.611 O.IS 0.46 
White clover ( l'!ifolium repens) ................................... 81.00 0.~6 020 0.24 
Alsike elo~r ( 'I'rifolium hybridum) ............................. 81.80 1.47 0.44 0.11 O.l!O 
S<>o.t-l.oet clover (Trifolium incarnatum) .......................... e2.60 0.43 0.13 11.411 
Alfalfa. (Jtedicago aativa) ....... eeni>'MoUl:\o'o\\UooooniiiiiUttooooo 75.30 2.26 0.72 0.13 0.5ti 
Cowpe&,,,.,, ... ••••••••••ene,,_.,,1o1othoutotnuuuoooooouuo ••• ,,.,,.,,.,,. 78.81 1.47 om 0.10 0.31 
:ll'ja bean(G/~w}a) ............................................... 78.20 .......... ..! 0.29 016 0.53 
corn sUae;a ................................................................. 77.96 0.28 0,11 0.37 
HA. Y AND DRY COARSE FODDII:RS. 
{)f,ru fodder (With e&ll),,.,,.,,,,,,.,,.,n-e"~bllbotl>tUooooooooo••••·· 785 4.91 1.76 O.M 6.ll~ 
'Com st0ver (without ~mrs) .......................................... 9.12 3.74 1.04 C.29 1.40 
Common mUlet ......................................................... 9.75 • 1.28 C.49 1.69 
Hungarian grass ........................................................ 7.69 6.18 1.20 0.35 1.30 
Hay Gl mixed ~rrasses .................................................. 11.99 6.8i !.41 0.27 1.65 
~top (Agrostis vulgaris) ............................................ 7.71 4.59 :.1& 0.36 1.011 
"r!mothJ ...................................................................... ? 52 4.93 1.28 0.53 o.oo 
Orchard grass ................................... ~~· ........................ 8.84 6.42 1.31 0.41 1.88 
Kentucky bluegrltBll (Poa pratensi8) ........................... 10 35 4.16 i.l!l 0.40 1.57 
Meadow fescue (Festuca pratemis) .............................. 889 8.08 0.99 IJ . .JiJ 2.10 
Red clover .................................................................... lUll 6.93 2.07 0.38 2,:10 
Mammoth red clover (Trifolium mwi,n) ................. 11.41 8.72 2.23 0.55 1.22 
White clover ............................................................... 
............... ............ 2.75 0.52 1.81 
Scarlet clover .................. ., .......................................... 18.30 7.70 2.05 0.40 1.31 
A lslke clover ............................................................... 9.94 11.11 2.84 0.67 2.23 
AlfalfL ....................................................................... 11./il 7.07 lUll 0.61 1.63 
;;okh.ra al&T8r (Jf.w..tu &lk) ............. ...................... 7.48 7.78 Ul 0.66 1.83 
Soja bean (whl• pl&at) ............................................. i.IW U7 2.1~ o.G7 1.08 
Soja btin (straw) ......................................................... 13.00 ~.7i o.•n 1.32 
<»w,.. (wbol• -1)·······-····-·---·-·--······-·--J 10.96 uo 1.96 0.52 HY 
Barley straw ................................... , ... ~ ................ , ...... 11.44 5.80 1.81 0.30 a~ 
lla.rley chaft' ................................. ····•:• .. , .... , ...... , ............ 18.08 1.01 0.27 0.99 
Wlrfrlft I'Wu.'WhJJjJ~dNN.~J.WJ~·tl~d'•'.t;.WIIJJNJ/J...t.#.\ 1'ilfG • dW ~ 0'.111 
1•' r:EDING FOR HEEJ!'. 
TABr,E XVll-Continued. 
Phos-
MoiRture A•h. Nitrogen phoric Potash. 
acid. 
HAY AND DRY COARSE FODDERS-Concluded. 
Wheat chaff.. ............................................................ .. 8.05 
Rye straw ................................................................... . 7.61 
Oat straw .................................................................... . 9.09 
ROOTS, BULBS, TUBERS, ETC. 
Potatoes ...................................................................... . 79.75 
Red beets .................................................................... . 87.73 
Sugar beets ................................................................. . 86.95 
Mangel-wurzels ......................................................... .. 87.29 
Turnips ..................................................................... . 89.49 
Ruta-bagas ................................................................ .. 89.13 
Carrots ....................................................................... . 89.79 
GRAINS AND OTHER SEEDS, 
Corn kernels .............................................................. . 10.88 
Sorghum seed....................................................... ...... 14.00 
Barley ......................................................................... . 
O&ts ............................................................................ . 
Wheat (spring) .......................................................... . 
14.30 
18.17 
1435 
Wheat (winter)............................................................ 14.75 
Rye.............................................................................. 14.90 
Common millet........................................................... 12.68 
Soja beans ................................................................. . 18.33 
MILL PRODUCTS. 
Corn meal .................................................................. . 12.95 
Corn and cob meal...................................................... 8.96 
Ground oats ................................................................ . 
Ground barley ........................................................... . 
11.17 
13.43 
Rye flour..................................................................... 14.20 
Wheat flour ................................................................ .. 9.83 
I'eameal.. .................................................................... . 8.85 
BY-PRODUCTS AND WASTE MAT'ERIALS, 
7.18 
3.25 
4.76 
0.99 
1.13 
1.04 
1.22 
1.01 
1.06 
9.22 
1.53 
2.48 
2.98 
1.57 
4.99 
1.41 
3.37 
2.06 
1.22 
2.68 
Corn cobs ................................................................... . 
Hominy feed ............................................................. .. 
12.09 0.82 
8.93 • 2.21 
Gluten meal.. ............................................................. .. 8.59 0.73 
Starch feed (glucose refuse) ....................................... 8.10 
Malt sprouts .............................................................. . 10.38 12.48 
Brewers' grains (dry) .................................................. . 6.98 6.15 
Brewers' grains (wet).................... ............................. 75 01 
B7e br&J;1 .......................................... - ....................... . 4.60 
0.79 0.70 0.42 
0.46 0.28 0.79 
0.62 0.20 1.24 
0.21 O.o7 0.29 
0.24 0.09 0.44 
0.22 0.10 0.48 
0.19 0.09 0.38 
0.18 0.10 0.39 
0.19 0.12 0.49 
0.15 0.09 0.51 
1.82 0.70 0.40 
148 0.81 0.42 
1,51 0.79 0.48 
2.06 0.82 0.62 
2.36 070 0.39 
2.36 089 0.61 
1.76 0.82 0.54 
2.04 0.85 0.36 
5.30 1.87 1.99 
1.58 0.63 0.40 
1.41 0.57 0.47 
1.86 0.77 0.53 
1.55 0.66 0.31 
1.68 0.85 0.65 
2.21 0.57 OM 
3.08 0.82 0.99 
0.50 0.06 0.60 
1.63 0.98 OA'J 
5.03 0.33 0.05 
2.62 0.29 0.15 
3.55 1.43 1.6; 
305 1.26 l.UJ 
0.89 031 0.05 
2.32 2.28 1.40 
56 OHIO EXPERIMENT STATION. 
TABLE XVII-Concluded. 
Phos-
Molsture Ash. Nitrogen phoric Potasb. 
acid. 
----------------1--------------
BY-PRODUCTS .&.ND W-'.STE liUTBl\1-'.LS-Concluded • 
Rye middlings ........................................................... 12.5! 3.52 1.84 1.26 0.81 
Wheat bran ............. _ .................................................... 11.74 6.25 267 2.89 1.61 
Wheat middlings ......................................................... 9.18 2.80 2.63 0.95 o.o3 
Cotton-seed meal.. ....................................................... 9.90 6 82 6.6i 2.68 1.79 
Linseed me'al (old pmcess) .......................................... 8.88 608 5.43 1.66 1.37 
Linse dmea· (new .t-rocesa) ......................................... 7.77 537 5.78 1.83 1.89 
Apple pomace ............................................................. 8050 0.27 0.23 0.02 0.13 
